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A Comparison of Effect of Caronamide and Benzoic Acid on Penicillin 

Plasma Concentrations. 

William P. Boger=^ an'd Rich.ard if. Baker.’ (Introduced b.v L. E. Amow.) 
i^roni the Philadelphia General Hospital, 


The e.vcretion of penicillin b\' the renal 
tubules can be inhibited by diodrast,*---^ 
para-aminohippuric acidA^-^ benzoic acid 
and sodium benzoate, and carona- 
jjjide.oAo.n Although both diodrast and 
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“Stalicin” caronamide (4'-cnrboxyplienyl- 
methanesulfonanilide) used in this investigation 
was supplied through the courtesy of Sharp and 
Dolime, Inc. 
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para-aminohippuric acid have been used clini- 
cally to increase penicillin plasma concen- 
trations, the necessity of administering intra- 
venously large quantities of the drugs has 
limited their general usefulness. Benzoic 
acid, sodium benzoate and caronamide can 
be administered orally and may therefore be 
more widely used in conjunction with peni- 
cillin therapy. Since no comparison between 
the effects of benzoic acid and the new com- 
pound. caronamide, has appeared in the litera- 
ture, such a comparison is here reported. 

Plan oj Study. Seven individuals who were 
afebrile and without evidence of cardiac, 
renal, or hepatic dysfunction, were selected 
for this study. Each patient was studied 
during 3 periods and served as his own con- 
trol. Hospital routine was not modified and 
no effort was made to limit the intake of food 
or fluid. 

In order that assayable plasma concentra- 
tions of penicillin might be anticipated dur- 
ing the entire 3 hour period over which dose 
response cur\-es were obtained, intramuscular 
doses of 200,000 units were employed. This 
dose was dissolved in 2 cc of sterile saline 
and the sodium salt of penicillin Gi was used 
e.Tclusively. The penicillin dose given im- 
mediately before the determination of peni- 

t CommercLil Solvent? Corporation, Lot X'o. 
460SOS01, eipir.ation <i.ate Octolier, 1949, potency 
I.'ITS units/mg. 
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dllin dose response curves was injected into 
the right deltoid region by one of the authors 
and massage of the injection site was avoided. 

The pattern of patient studj’’ was as fol- 
lows: Control day. An intramuscular injec- 
tion of 200,000 units of penicillin at 6 and 9 
A. M. Following the 9 o’clock injection into 
the right deltoid region, blood specimens for 
penicillin assay were obtained at interr^als of 
15 minutes, 30 minutes, 1 hour, 2 hours and 
3 hours (this schedule of sampling is referred 
to as a dose response curve). Benzoic acid 
treatment day. Each patient was given ben- 
zoic acid every 3 hours for 24 hours before 
a dose response curve was determined. At 
the same time that the 6 and 9 A. M. doses 
of benzoic acid were given, an intramuscular 
injection of 200,000 units of penicillin was 
administered. Following the 9 o’clock peni- 
cillin and benzoic acid medication a dose re- 
sponse curve was obtained. Benzoic acid was 
administered in O.S g gelatin capsules; pa- 
tients JJ, FR, JC and JA received 2 g every 
three hours. Patients SB, JG and MV re- 
ceived 3 g every 3 hours. Caronamide treat- 
ment day. This was similar to the benzoic 
acid treatment day except that caronamide 
in O.S g tablets was administered in place 
of benzoic acid. 

It should be pointed out that, (a) in ail 
instances at least a three day interval inter- 
vened between the benzoic acid and carona- 
mide treatment days; (b) in the case of pa- 
tients JJ, PR, JC and JA the administration 
of benzoic acid preceded that of caronamide, 
whereas patients SB, JG and MV received 
caronamide before benzoic acid; and (c) 
patients JJ and SB were incompletely studied 
so that a caronamide treatment day is lack- 
ing for JJ and a benzoic add treatment day 
is lacking for SB. 

Methods. Blood specimens for penicillin 
assay were drawn into sterile s 3 Tinges con- 
taining I cc of 0.4% sodium citrate, solution 
and were promptly transferred to graduated 
IS cc centrifuge tubes. The specimens were 
centrifuged for 15 minutes at loOO rpm and 
the total volume as well as the packed cell 
volume were recorded. The supernatant plas- 
ma was han’csted and refrigerated in contact 


with ice and remained so until penicillin assay 
on the same or subsequent day. Assays were 
done by the modified serial dilution method 
of Rammelkamp using a Group A hemo- 
lytic streptococcus as the test organism. All 
penicillin values recorded in Fig. 1 are cor- 
rected for the dilution factor introduced by 
use of the citrate anticoagulant. 

Discussion. It is apparent from the data 
shown in Fig. 1 that caronamide had a 
striking effect upon penicillin plasma con- 
centrations when administered orally in doses 
of 2 or 3 g every 3 hours. Equally apparent 
is the lack of any significant effect of ben- 
zoic acid when given in doses of 2 or 3 g 
every 3 hours. Six patients showed a marked 
increase of penicillin plasma concentrations 
in response to caronamide therapj’’ and 6 pa- 
tients failed to show any favorable response 
to benzoic acid treatment. The individual 
responses to caronamide and to benzoic acid 
were quite uniform but the averaged data are 
most striking (Fig. 1). Whereas the ben- 
zoic acid dose response curve corresponds 
exactly to that obtained during the control 
period, the dose response curve modified by 
caronamide shows fold increases: at IS min- 
utes — 1.67, 30 minutes — 3.57, I hr. — 3.83, 

2 hr. — 5.35 and 3 hr. — 11.68 (average 5.22) 
times the control values. The enhancement 
effects noted in this study are in good agree- 
ment with those previously noted. 

That benzoic acid had little effect on peni- 
cillin plasma concentrations if patients were 
permitted to have an unrestricted diet was 
noted by Bronfenbrenner and Favour.' These 
authors sharply restricted fluid and salt in- 
take so that “the urine volume common^ 
fell to 400 to 600 cc in 24 hours,” and gave 
2.5 g of benzoic acid in capsules every 4 
hours. On this regimen, enhancement effects 
were demonstrated and were ascribed to ben- 
zoic acid. 

The patients studied in our series were 
given food and fluid ad libitum and doses 
of 16 and 24 g of benzoic acid per day. 
elevation of penicillin plasma concentrations 

~^Beyer,~S^; Peters, L., WoodvraraTHSa^J^ 
and VerweX, F., J. Pharm. niirl Firp. Therap^^ 
1944, S3, 312 . 
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COWPARISOfI OF THE EFFECTS Or BENZOIC ACID AND CARONAMIOE UPON 
PEHICILUN DOSE P.ESPONSE CURVES 
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was obsen,'ed. It was suggested that the re- 
sults reported by Bronfenbrenner and Favour 
are largely attributable to fluid and salt re- 
striction. The desirability of lowering the 
daily urinary output to as little as 400 to 
600 cc is open to question, especially if pa- 
tients are suffering from febrile illness. If, 
however, there is no contraindication to fluid 
restriction, it can be anticipated that the en- 
hancing effect of dehydration could be super- 
imposed upon the effect of caronamide here- 
in reported. 

Spaulding, Bondi and Early'’ reported 
favorably upon the effect of sodium benzoate 
in elevating plasma concentrations following 
the oral administration of penicillin, unre- 
stricted fluid and food intake, and a small 
dose of sodium benzoate. Bronfenbrenner 
and Favour indicated that, “on the normal 
diet, 2.5 g of benzoic acid equalled 6 g of 
sodium benzoate in raising serum penicillin 


level.” Thus, on an unrestricted diet, Spaul- 
ding, Bondi and Early obsen’ed a positive 
effect of a small dose of sodium benzoate, 
whereas Bronfenbrenner and Favour using 
a larger dose of benzoic acid, which they re- 
gard as a more effective drug than sodium 
benzoate, obser\'ed only a slight effect. 

The prolonged enhancing efi'ect of sodium 
benzoate reported by Bohls, Cook and Pot- 
ter » has been questioned by Spaulding, 
Bondi and Early on the basis of certain short- 
comings of the penicillin asssy methods used. 

It is quite clear that the few data available 
on the effects of benzoic acid and sodium ben- 
zoate do not permit final evaluation of these 
two agents as adjuncts to penicilfin therapy. 
If, as indicated by Bronfenbrenner and Fa- 
vour, restriction of fluid is required to demon- 
strate an enhancing effect of benzoic acid, use 
of this agent would have certain disadvan- 
tages in the treatment of febrile diseases. 
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Hippuric add is formed both in the liver and 
kidneys by the conjugation of benzoic acid 
and glycine. Although it is postulated that 
the hippuric acid thus formed acts in a man- 
ner similar to para-aminohippuric acid, it is 
extremely doubtful whether the amount of 
circulating hippuric acid itollowing benzoic 
acid administration is sufficient to inhibit by 
“mass action” the tubular excretion of peni- 
cillin. It is conceivable that benzoic acid 
may be conjugated in the kidneys and give 
rise to a “local” high hippuric acid concen- 
tration, but this is not subject to proof at 
present. 

In the light of the data here reported, it 
is our opinion that benzoic acid has no ef- 
fect upon penicillin plasma concentrations 


when given in the amounts described. 

Condtmons. Benzoic acid given in doses 
of 16 and 24 g per day to patients on un- 
restricted diets failed to increase penicillin 
plasma concentrations. Caronamide given to 
the same patients in the same doses showed 
a uniform and marked enbandng effect, aver- 
aging five times the control values. 

Ttie authors msh to express tlieir indebtedness 
to Mass Elizabeth Hughes, Department of B.ac- 
teriology. Sharp & Dohme, Inc., Glenolden, Pa. 
who was responsible for all penicillin assaj’s here- 
in reported, and to Doctors Wm. H. Erb, Joseph 
C. Taskin, A. Ornsteen, and Sherman E. Gilpin 
of the staff of the Philadelphia General Hos- 
pital, Philadelphia, Pa. for their courtesy in al- 
lowing us to use their patients for these studies. 
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Further Studies of Effect of Sulphur Compounds on Production of 
Diabetes with Alloxan, 

.<\rnoed Lazarow. (Introduced by N. L. Hoerr.) 

Ero?n itie Department of Anatomy, Western Eeserve University School of Medicine, 

Cleveland, Ohio. 


In previous publications - it was re- 
ported that the intravenous injection of large 
doses of cysteine, glutathione, or thioglycolic 
acid completely protected rats against a dia- 
betogenic dose of alloxan (40 mg/kg). This 
protection was observed only when the sulf- 
hydryl compound was administered just prior 
to the alloxan, or within one minute after the 
alloxan injection. However if a large dose 
of cysteine was given 3 or more minutes fol- 
lowing the alloxan, no significant protection 
was observed. It was further suggested that 
these extraneously administered compounds 
protected sulfhydryl enzjones from inactiva- 
tion by alloxan. In this connection it is of 
interest to note that ascorbic acid, a com- 
pound which is reported to decrease the sulf- 
hydryl groups in the body® potentiates the 

lliuzarow, A., Anal. Itcc., 1945, 01, 24. 

2 L-azarow, A., Peoc. Soc. E-xp. Biol, and Med., 
1946, <51, 441. 


effect of alloxan.’ The more effective pro- 
duction of diabetes in the starved rat® may 
also be related to variation in the glutathione 
and cysteine content oi the body. 

Since it was suggested ® that alloxan may 
produce its diabetogenic effect by inacti- 
vating essential sulfhydryl groups of enzymes, 
it was desired to test other compounds with 
knorni sylfhydryl reactivating effects. The 
inhibiting effect of arsenic and cadmium on 
sulfhydr^d enzymes has been reported by 
Peters ® to be completely reversed by dimer- 
captopropanol, British Anti-Lewisite, (BAL). 

3 Prunty, F. T. G., and A^nss, C. C. N., Biochem. 
J., 1943, 37, 506, 

•4 Levey, S., and Sutor, B., Peoc. Soc. Exp, 
Biod. and Med., 1946, C3, 341. 

oKass, E. H., and Waisbrin, B. A., Proc. 

Exp. Biol, and Med., 1945, CO, 303. 

« Peters, K. A., Sfockcii. L. A., and Tliompso,,^ 

B. n. S., Katurc, London, 1945, l.>3. tllC. 
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It was desirable to test this compouird (BAL) 
tor its antagonistic effect against alloxan dia- 
betes. Also a number of non-sulfhydryl sul- 
phur compounds was tested. Preliminary 
results have been reported." 

Methods. The protection experiments "were 
carried out in the same ihanner as those pre- 
viously reported.- .A.lloxan and the protec- 
tive agent were administered intravenously, 
using separate tail veins for each injection. 
To facilitate the intravenous injection, vaso- 
dilatation was induced by placing the rats in 
a S6°C oven for one to several minutes. A 
2% solution of allo.xan monohydrate was 
used. The BAL was administered in doses 
of .16-1.00 mM/kg. The various dilutions 
of the BAL w’ere prepared in .85% sodium 
chloride and were injected within 5 minutes 
of the time of preparation. In other e.xperi- 
ments methionine was also used in doses of 
2.9 mM/kg. k solution containing 0.25 mM 
of methionine per cc was injected in doses of 
i.lS cc for each 100 g of body weight. This 
solution is near saturation. Thiourea W'as 
also used in doses of 7.5 mM/kg. One cc 
of a solution containing .75 mM per cc was 
used for each 100 g of body weight. The 
solution of thiourea had a pH of about 6.6, 
and was not neutralized, inasmuch as minute 
amounts of N/lOO sodium hydroxide brings 
the pH to neutrality. Serial blood sugars 
were taken at 0, 3, 8, 24, 48, and 72 hours. 
The blood was obtained by cutting the tip of 
the tail, the rat being heated to facilitate 
bleeding; and the sugars were determined by 
the Folin-Malmros micro method.® 

Results. The effects of administration of 
various sulphur compounds are given in Table 
I. The per cent of animals with diabetes are 
given for each group, and the average 48- 
hour blood sugars are listed for the diabetic 
and non-diabetic animals. An animal was 
considered diabetic if the 4S-hour blood sugar 
was greater than 200 mg per 100 cc; or if the 
typical blood sugar response was observed 
following the injection of allo.xan. .All of 15 
animals, injected with allo.xan in doses of 40 

r Ijaz.aro\x, A.. .Iiinf. T.re., 1D4T, 07, 37 . 

« Folin, O., !!«,! Mntniros, H., J. JJiol Chfm., 
loeo, «;i. iin. 
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Hippuric acid is formed both in the liver and 
kidneys by the conjugation of benzoic acid 
and glycine. Although it is postulated that 
the hippuric acid thus formed acts in a man- 
ner similar to para-aminohippuric acid, it is 
extremely doubtful whether the amount of 
circulating hippuric acid following benzoic 
acid administration is sufficient to inhibit by 
“mass action” the tubular excretion of peni- 
cillin. It is conceivable that benzoic acid 
may be conjugated in the kidneys and give 
rise to a “local” high hippuric acid concen- 
tration, but this is not subject to proof at 
present. 

In the light of the data here reported, it 
is our opinion that benzoic acid has no ef- 
fect upon penicillin plasma concentrations 


when given in the amounts described. 

Conchisions. Benzoic acid given in doses 
of 16 and 24 g per day to patients on un- 
restricted diets failed to increase penicillin 
plasma concentrations. Caronamide given to 
the same patients in the same doses showed 
a uniform and marked enhancing effect, aver- 
aging five times the control values. 

The authors wish to express their indebtedness 
to Aliss Elizabeth Hughes, Department of B.ac- 
teriology, Sharp & Dolime, Inc., Glenoldcn, Pa. 
who was responsible for all penicillin assays here- 
in reported, and to Doctors Wm. H. Erb, Joseph 
C. Taskin, A. Ornsteen, and Sherman P. Gilpin 
of the staff of the Philadelphia General Hos- 
pital, Philadelphia, Pa. for their courtesy in al- 
lowing us to use their patients for these studies. 
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Further Studies of Effect of Sulphur Compounds on Production of 
Diabetes with Alloxan. 

Arnold Lazarow. (Introduced by N. L. Hoerr.) 

From the Department of Anatomp, Western Deserve Universitp School of Medicine, 

Cleveland, Ohio. 


In previous publications - it was re- 
ported that the intravenous injection of large 
doses of cysteine, glutathione, or thioglycolic 
acid completely protected rats against a dia- 
betogenic dose of alloxan (40 mg/kg). This 
protection was observed only when the sulf- 
hydryl compound was administered just prior 
to the alloxan, or within one minute after the 
alloxan injection. Hotvever if a large dose 
of cysteine was given 3 or more minutes fol- 
lowing the alloxan, no significant protection 
was observed. It was further suggested that 
these e.xtraneously administered compounds 
protected sulfhydryl enzymes from inactiva- 
tion by alloxan. In this connection it is of 
interest to note that ascorbic acid, a com- 
pound which 'is reported to decrease the sulf- 
hydryl groups in the body® potentiates the 

1 Lazarow, A., Anat. Fee., 2945, VI, 24. 

2 Imzarow, A., Pboc. Soc. Exp. Biol, and Med., 
1940, 61, 441. 


effect of alloxan.'* The more effective pro- 
duction of diabetes in the starved rat® may 
also be related to variation in the glutathione 
and cysteine content of the body. 

Since it was suggested ~ that alloxan may 
produce its diabetogenic effect by inacti- 
vating essential sulfhydryl groups of enzymes, 
it was desired to test other compounds with 
known sylfh 3 'dryl reactivating effects. The 
inhibiting effect of arsenic and cadmium on 
sulfhydryl enzymes has been reported by 
Peters ® to be completely reversed by dimer- 
captopropanol, British Anti-Lewisite, (BAL). 

3 Prunty, F. T. G., .ind Vass, O. C. N., Fioehem. 
J., 1943, 37, 506. 

4 Levey, S., aDd Snter, B., Pkoc. Soc. Exp. 
Biol, and Med., 194G, 63, 341. 

» Kass, E. H., and 'Waisbrin, B. A., Proc. Soc. 
Exp. Biol, and Med., 1945, 60, 303. 

a Peters, 21. A., Stocken. L. A., jind Tlmmpsoa, 

R. H. S., Mature, London, l!>4o, IWA lUO. 
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Methionine was also studied because it is 
important as a method donator, and because 
it contains sulphur. Unfortunately, the solu- 
bility of methionine is limited to about .22 
mM per cc at 25° C, and in order to inject 
a dose of 7.5 m^I/kg, each rat (average 
weight of 350 g) would have to have been in- 
jected with about 10 cc of fluid intravenously. 
Consequently, the dose of methionine used in 
the present e.vperiment was not greater than 
2.9 mlil/Tcg. At this dose, no effect was ob- 
seiv'ed; whereas, at corresponding doses of 
cysteme and glutathione,- 100% protection 
was noted. Thiourea was also studied be- 
cause of its sulphur content, inasmuch as its 
sulphur is not in the SH form, .•\lthough 
thiourea did not protect against allo.xan dam- 


age, some animals given thiourea and alloxan 
died within the first 1-2 hours. Thiourea 
alone was not toxic. The mechanism of death 
in these animals given both thiourea and 
alloxan has not been determined. 

Conclusion. B.AL, in doses of .36-.72 
mM deg completely protected rats against a 
diabetogenic dose of allo.xan (40 mg/kg in- 
travenously) when the protective agent was 
given immediatelj' preceding the alloxan in- 
jection. However, no protection was ob- 
served when the disulfhydryl compound was 
given 5 minutes following the alloxan. :Meth- 
ionine. in doses of 2.9 mM/kg, and thiourea, 
in doses of 7.5 mM/kg, injected immediately 
preceding a diabetogenic dose of alloxan did 
not alter the course of alloxan diabetes. 
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The Relation of Pteroylglutamic Acid to Metal-Porphyrin Enzymes.® 
John R. Totter, Edith Sims, and Path. L. Day. 

From the Department of Biochcmintrii, School of Jlcdicinc, Unii-crsitp of Arl-ansax. 


Little 

Data was reported recently - and inter- 
preted as suggesting that pteroylglutamic acid 
(PG.A.) and its conjugates are involved in the 
synthesis of the porphjTin portions oi metal- 
porphyrin enzymes. This communication of- 
fers additional data in support of that hy- 
pothesis. 

For the experiments recorded here the or- 
ganism Streptococcus facea'.is (8043) was 
grown in the usual pteroylglutamic acid assay 

~ ‘ Ecseardi jiajifr No. S47. .lournal Serio.-!. Tiii- 
versity of Ark.-insn.'. Given, in pnrt, before .n 
meeting of the IlemntoiofO' PtU'ly Section of tlic 
P. S. Public He.oltli Gcrvicc at Ectliesda. Mil. on 
Pebruary 15. 1947. Ttli^ research \va.« .supported 
bv a prant in aid from the Williams-Watcrman 
fund of Itcscareli Corporation. The authors are 
indebted to Pr. .1- G. WahUu of the Department 
of Bacteriolopv for v.ilucd advice. 

1 Steinknmp. R- Ghuker?. C. F.. Totter. .T. K., 
.and Day, P. 1- Pmc.. 1947. «. 29.5. 

e Totter. .1. R-. ^rnc., 1947, 

C gne 


Sod:. 

medium," but with the addition of either 
potassium cyanide, hydrogen peroxide, or 
caffeine. The H 2 O 2 was diluted, filtered 
through a Berkeield filler and added asepti- 
cally in the required quantity to sterile cul- 
ture tubes containing appropriate volumes of 
medium. KCX was treated similarly', after 
neutralization with acetic acid. The caffeine 
was added before autoclaving. The final con- 
centrations of the inhibitors in the culture 
tubes were as follows: HcO;, 0.012%; KCX, 
0.05%: caffeine, 0.5% (Table I). .After in- 
oculation. turbidity was determined at various 
interv’als with a Coleman spectrophotometer. 
Responses of the organism to stimulation with 
varying quantities of PGA as the limiting 
factor was determined with and without the 
added inhibitor. .As a control procedure, 
similar e.xperiments were conducted by varv- 
ing the amount of Ca pantothenate and keep- 

= Mitchcn. H. K.. ami Sneli. £. r„7f~^ 

Trj-ax Pub.. 1941. Xo. 41.57. 30. ’ ^ 
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mg/kg, developed diabetes. The average 48- 
hour blood sugar was 444 mg per 100 cc. 
When BAL was injected in doses of .16-1.0 
mM/kg, immediately preceding a diabeto- 
genic dose of allo.\'an, the response varied 
with the amount of BAL administered. Two 
of 4 rats were protected at a dose of .16 
mM/kg of BAL. All animals were protected 
when the dose was .36-.72; whereas, at a 
dose of 1.0 mM/kg, the animals died ivithin 
2 to 6 hours. BAL alone produced no signi- 
ficant effect in doses of .16-.72 mM/kg, but 
one animal given a dose of 1.0 mM/kg also 
died. When the BAL was injected 5 minutes 
after the alloxan administration, no protec- 
tion was observed, even with a dose of 0.75 
mlN'I/kg which is near the toxic dose for rats. 

Methionine, in doses of 2.9 mM/kg (or 
thiourea in doses of 7.5 mM/kg) did not 
modify the diabetogenic dose of alloxan. 
Some animals given thiourea, in doses of 7.5 
mM/kg, preceding a diabetogenic dose of al- 
loxan, died within the first 1 to 2 hours, 
whereas all animals given thiourea without 
alloxan survived. 

Discussion, hlole per mole, B.4L, which 
is a disulfhydryl compound, is at least twice 
as effective in protecting rats against alloxan 
diabetes, as is cysteine or glutathione. Doses 
of .16 mM/kg of BAL protected half of the 
rats, and doses of .36 mM/kg protected all 
the rats. With cysteine doses of I.O mM/kg, 
it was previously reported - that 12% of the 
animals became diabetic; whereas, with a 
dose of .5 mM/kg, 66% of the rats became 
diabetic. However, allowing for the 2 SH 
groups in B.^L, this compound is at least as 
effective per mole of SH as is cysteine. The 
small number of animals used in the BAL 
experiments do not permit more quantitative 
comparisons. 

It will be noted that the diabetogenic effect 
of alloxan cannot be modified by BAL when 
the latter compound is given 5 minutes after 
the alloxan. This is in marked contrast to the 
effect of B.4L on arsenic and cadmium in- 
activation of sulfhydryl compounds. Peters « 
has reported that B.4L is effective when ad- 
ministered after the heavj- metal poisoning 
has already taken place. Thus if the dia- 


betogenic effect of alloxan is due to inacti- 
vation of the sulfhydryl groups of essential 
enzymes, these sulfhydryl groups cannot be 
reactivated by BAL. Very little information 
is available as to the mechanism of inactiva- 
tion of sulfhydryl groups which takes place 
with allo.xan. If the inactivation consists of 
merely oxidizing SH groups to S-S groups, 
one might expect B.4L, cysteine, and gluta- 
thione to reactivate these groups. However, 
if the alloxan formed an addition product 
with the SH groups of enzymes, (as do qui- 
nones) this tjpe of inactivation would not 
be expected to be reversed by glutathione or 
BAL. Further studies on the combination of 
alloxan with SH groups are needed. 

A complete and irreversible inactivation of 
the sulfhydr}'! groups of the beta cells in the 
pancreas may be requisite to the production 
of diabetes with alloxan. Reversible sulfhy- 
dryl inactivators, such as arsenic, cadmium, 
etc., might not be expected to produce dia- 
betes because of their reversibility. 

The selective inactivation of essential sulf- 
hydryl groups in the beta cells could be a 
result of a low glutathione content. Since 
glutathione can protect sulfhydryl enzymes 
from inactivation, the local concentration of 
glutathione might determine the sensitivity 
of cells to sulfhydryl inactivators. Unfortu- 
nately, the glutathione content of the beta 
cells in the islets has not yet been determined. 

Inasmuch as allo.xan produces its diabeto- 
genic effect within the first 5 minutes of in- 
jection, the amount of allo.xan reaching the 
beta cells within this time is a critical factor. 
Inasmuch as administered glutathione pro- 
tects against allo.xan diabetes, the glutathione, 
which normally is present in the beta cells, 
must also act as a protective factor. When 
this protective amount of glutathione disap- 
pears, the allo.xan would then be free to act 
on the cell enzymes. The blood supply of a 
tissue will also determine the total amount of 
allo.xan reaching the cells during the critical 
period following its injection, for in a given 
time, a highly vascular region, such as the 
islet tissue, may receive a much greater 
amount of allo.xan than other less vascular 
tissues. 
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Methionine was also studied because it is 
important as a meth}^ donator, and because 
it contains sulphur. Unfortunately, the solu- 
bility of methionine is limited to about .22 
mM per cc at 25° C, and in order to inject 
a dose of 7.5 mlM/kg, each rat (average 
weight of 350 g) would have to have been in- 
jected with about 10 cc of fluid intravenoush'. 
Consequently, the dose of methionine used in 
the present experiment was not greater than 
2.9 mM/Tvg. At this dose, no effect was ob- 
served; whereas, at corresponding doses of 
cysteine and glutathione,- 100% protection 
was noted. Thiourea was also studied be- 
cause of its sulphur content, inasmuch as its 
sulphur is not in the SH form. .Although 
thiourea did not protect against alloxan dam- 


age, some animals given thiourea and alloxan 
died within the first 1-2 hours. Thiourea 
alone was not toxic. The mechanism of death 
in these animals given both thiourea and 
alloxan has not been determined. 

Coiidttsion. B.AL, in doses of ’ .36-.72 
niM./kg completely protected rats against a 
diabetogenic dose of alloxan (40 mgAg in- 
travenously) when the protective asent was 
given immediately preceding the alloxan in- 
jection. However, no protection was ob- 
served when the disulfhydrjd compound was 
given 5 minutes following the allo.xan. IMeth- 
ionine. in doses of 2.9 mMAg, and thiourea, 
in doses of 7.5 mlMAg, injected immediately 
preceding a diabetogenic dose of allo.xan did 
not alter the course of allo.xan diabetes. 
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John R. Totter, Edith Sms, and Paul L. Day. 

From Ihc Dcparlmait of Biochcmhtri/, School of ^tcdicwc. University of Arl-onsns 

Little Loci:. ‘ ' ' ’ 


Data was reported recently - and inter- 
preted as suggesting that ptero.vlglutamic acid 
(PG.A) and its conjugates are involved in the 
sjmthesis of the porph 3 Tin portions of metal- 
porphyrin enz}^mes. This communication of- 
fers additional data in support of that h\'- 
pothesis. 

For the experiments recorded here the or- 
ganism Strcpiocorcus jacralis (8043) was 
grown in the usual pteroylglutamic acid assay 

Uposcarcli liapor No. S 47 , Journal Scrios. ITiii- 
Ycrsity of Arkansas. Given, in pari, before .a 
mcctiiiR of tlie Ilematolopy .«;tu(ly .Seetion of tlic 
tJ S rul’I'o HeaKIi Gorviec at Betlie.sJa, Md. on 
February U. I!';'"- Tins re.seareli ivas .supporfed 
bv a jjr.'int'in aid from tiie iiliain.s-tVatcrniaji 
fiiud of Kesearcli Corporation. Tlie authors .are 
indebled to I’r- 4 . G. Walilin of the Dcpartineiit 
of Itaeteriolofry Gir valued advice. 

1 Steinkanip. J!-. Ghukers. 0. F.. Totter, .T. I}„ 
and Fay. 1’- >••• ■'"''d. 7Vne., 1 . 047 , a. "pr>. 

e Totter. J. i^-’ on. I Sinis, py, Fed. Pror.. 1P47 

0. 


uue «un me addition of eithei 
potassium c.vanide, hydrogen peroxide, oi 
cafteme. The was diluted, filtered 

through a Berkefeld filter and added asepti- 
call} in the required quantity to sterile cul- 
ture tubes containing appropriate volumes of 
medium. KCX was treated similarl}-, after 
neutralization with acetic acid. The caffeine 
uas added before autoclaving. The final con- 
centrations of the inhibitors in the culture 

0.0. , 0 , caffeine. 0.5% (Table I). After in- 

determined at various 
ntmals with a Coleman spectrophotometer. 
R^jponses of the organism to stimulation with 
arymg quantities of PGA as the limitin-^ 

aSed and without the 

add d .nhibitor. .As a control procedure 
similar e.xperiments were conducted bv var^ 
mg th^amount of Ca p.antothenate and keep- 


= -Mitchell, irK.; .uu,l'.«ncIi;'ErE 
T-'VU.V r„h.. 1041. No. 4].ar. ac. 
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^S/^S, developed diabetes. The average 48- 
hour blood sugar was 444 mg per 100 cc. 
When BAL was injected in doses of .16-1.0 
mM/hg, immediatel}’’ preceding a diabeto- 
genic dose of alloxauj the response varied 
with the amount of BAL administered. Two 
of 4 rats were protected at a dose of .16 
wM/kg of BAL. All animals were protected 
when the dose was .36-. 72; whereas, at a 
dose of 1.0 mM/kg, the animals died within 
2 to 6 hours. BAL alone produced no signi- 
ficant effect in doses of .16-. 72 mM/kg, but 
one animal given a dose of I.O mM/kg also 
died. When the BAL was injected 5 minutes 
after the alloxan administration, no protec- 
tion was observed, even with a dose of 0.7S 
mM/kg w’hich is near the toxic dose for rats. 

Methionine, in doses of 2.9 mM/kg (or 
thiourea in doses of 7.5 mM/kg) did not 
modify the diabetogenic dose of alloxan. 
Some animals given thiourea, in doses of 7.5 
mM/kg, preceding a diabetogenic dose of al- 
loxan, died within the first 1 to 2 hours, 
whereas all animals given thiourea without 
alloxan survived. 

Discussion. Mole per mole, B.AL, which 
is a disulfhydryl compound, is at least twice 
as effective in protecting rats against alloxan 
diabetes, as is cysteine or glutathione. Doses 
of .16 mM/kg of BAL protected half of the 
rats, and doses of .36 mM/kg protected all 
the rats. With cysteine doses of I.O mM/kg, 
it was previously reported - that 1 2 % of the 
animals became diabetic; whereas, with a 
dose of .5 mM/kg, 66% of the rats became 
diabetic. However, allowing for the 2 SH 
groups in BAL, this compound is at least as 
effective per mole of SH as is cysteine. The 
small number of animals used in the BAL 
experiments do not permit more quantitative 
comparisons. 

It will be noted that the diabetogenic effect 
of alloxan cannot be modified by BAL when 
the latter compound is given S minutes after 
the alloxan. This is in marked contrast to the 
effect of BAL on arsenic and cadmium in- 
activation of sulfhydryl compounds. Peters ® 
has reported that B.A.L is effective when ad- 
ministered after the heavy metal_ poisoning 
has already taken place. Thus if the dia- 


betogenic effect of alloxan is due to inacti- 
vation of the sulfhj'-dryl groups of essential 
enzymes, these sulfhydryl groups cannot be 
reactivated by BAL. Very little information 
is available as to the mechanism of inactiva- 
tion of sulfhydryl groups which takes place 
with allo.van. If the inactivation consists of 
merely oxidizing SH groups to S-S groups, 
one might e,xpect BAL, cysteine, and gluta- 
thione to reactivate these groups. However, 
if the alloxan formed an addition product 
with the SH groups of enzymes, (as do qui- 
nones) this tjqie of inactivation would not 
be e.xpected to be reversed by glutathione or 
B.4L. Further studies on the combination of 
allo.van with SH groups are needed. 

A complete and irreversible inactivation of 
the sulfhydryl groups of the beta cells in the 
pancreas may be requisite to the production 
of diabetes with alloxan. Reversible sulfhy- 
dryl inactivators, such as arsenic, cadmium, 
etc., might not be expected to produce dia- 
betes because of their reversibility. 

The selective inactivation of essential sulf- 
hydryl groups in the beta cells could be a 
result of a low glutathione content. Since 
glutathione can protect sulfhydryl enzymes 
from inactivation, the local concentration of 
glutathione might determine the sensitivity 
of cells to sulfhydryl inactivators. Unfortu- 
nately, the glutathione content of the beta 
cells in the islets has not yet been determined. 

Inasmuch as allo.van produces its diabeto- 
genic effect within the first 5 minutes of in- 
jection, the amount of alloxan reaching the 
beta cells within this time is a critical factor. 
Inasmuch as administered glutathione pro- 
tects against allo.van diabetes, the glutathione, 
which normally is present in the beta cells, 
must also act as a protective factor. When 
this protective amount of glutathione disap- 
pears, the allo.van would then be free to act 
on the cell enzymes. The blood supply of a 
tissue will also determine the total amount of 
allo.van reaching the cells during the critical 
period following its injection, for in a given 
time, a highly vascular region, such as tjjg 
islet tissue, may receive a much greater 
amount of alloxan than other less vascular 
tissues. 
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Methionine was also studied because it is 
important as a methyl donator, and because 
it contains sulphur. Unfortunately, the solu- 
bility of methionine is limited to about .22 
mM per cc at 25'’ C, and in order to inject 
a dose of 7.5 mM/kg, each rat (average 
weight of 350 g) would have to have been in- 
jected with about 10 cc of fluid intravenously. 
Consequent^, the dose of methionine used in 
the present experiment was not greater than 
2.9 mM/kg. At this dose, no effect was ob- 
served; ivhereas, at corresponding doses of 
cysteine and glutathione," 100% protection 
was noted. Thiourea was also studied be- 
cause of its sulphur content, inasmuch as its 
sulphur is not in the SH form. .Mthough 
thiourea did not protect against allo.xan dam- 


age, some animals given thiourea and alloxan 
died within the first 1-2 hours. Thiourea 
alone was not to.xic. The mechanism of death 
in these animals given both thiourea and 
alloxan has not been determined. 

Conclusion. BAL, in doses of .36-.72 
mM/kg completely protected rats against a 
diabetogenic dose of allo.xan (40 mg/kg in- 
travenously) ivhen the protective agent was 
given immediately preceding the alloxan in- 
jection. However, no protection was ob- 
served when the disulfhydryl compound was 
given 5 minutes following the allo.xan. Meth- 
ionine, in doses of 2.9 mMAg, and thiourea, 
in doses of 7.5 mMAg, injected immediately 
preceding a diabetogenic dose of alloxan did 
not alter the course of alloxan diabetes. 
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The Relation of Pteroylglutamic Acid to Metal-Porphyrin Enzymes.* 
John R. Totter, Edith Sims, and Paul L. Day. 

From the Department of Diochcmi.'ttrn, School of Medicine, Universitj/ of ArVansas, 

Little Jtoch. 


Data was reported recently " and inter- 
preted as suggesting that pterojdglutamic acid 
{PG.\) and its conjugates are involved in the 
synthesis of the porphyrin portions of metal- 
porphyrin enzymes. This communication of- 
fers additional data in support of that hy- 
pothesis. 

For the e.xperiments recorded here the or- 
ganism Streptococcus Jaccalis (8043) was 
grown in the usual pteroylglutamic acid assay 

* Hcsc.ireli p:iper No. S47, .Toiirnnl Series. t>ni- 
vcrsif3- of Arkan.sas. Given, in part, before a 
meeting of the Ilematolog.v .Stud.v Section of tlic 
P. S. Public He.Tltli Service at Bctliesfl.a, Alfl. on 
Pebrnarr- 15, 1047, This rcsenrrb was snpportctl 
b\- a grant-in-nid from the IVillianis-Watcrman 
fund of Pescarcli Corporation. Tiie nuthor.s are 
indebted to Hr. ,T. G. IVabliu of the Dep.irtnient 
of B.nctcriologr' for v.nlucd advice. 

1 Stcinkamp. B.. Sbukers. C. P.. Totter. .1, R., 
and n.ay, 1’. 1... Fed. Prnc., 1947, «. 295. 

2 Totter, .1. 1!.. and Sims, K.. Fed. Proe., 1947. 
C. P9S. 


medium,’’ but with the addition of either 
potassium cyanide, hydrogen peroxide, or 
caffeine. The was diluted, filtered 

through a Berkefeld filter and added asepti- 
cally in the required quantity to sterile cul- 
ture tubes containing appropriate volumes of 
medium. KCN was treated similarly, after 
neutralization with acetic acid. The caffeine 
was added before autoclaving. The final con- 
centrations of the inhibitors in the culture 
tubes were as follows: H20g, 0.012%; KCN, 
0.05%; caffeine, 0.5% (Table I). After in- 
oculation, turbidity was determined at various 
intervals with a Coleman spectrophotometer. 
Responses of the organism to stimulation with 
varj-ing quantities of PG.\ as the limiting 
factor was determined with and without the 
added inhibitor. .As a control procedure, 
similar e.xperiments were conducted by vary- 
ing the amount of Ca pantothenate and keep- 

ajlitebell, H. K.. .and .Snell, E. E., L'nif. of 
Tcj-a.t Piih., 1941, No, 41.57, .50. 
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TABLE r. 

Gro’n'tli of Streptococcus faecalis in Presence of Inhibitors, with Varying Concentrations of 
Pteroylglutamic Acid (PGA) or Caleium Pantothenate (CaP). 


Incubation 


PGA 

iuy/u*! 

Cap 

y/ml 

time* , 
lir 

Caffeine 

% 

KCN 

% 

HoOo 

%■ 

Optical 

density 

0.2 

0.1 

24 

0.5 

0 

0 

0 

0.5 

> t 

>7 

7 7 

7 7 

7 7 

.04 

1.0 

i i 

77 

7 7 

7 7 

7 7 

.11 

5.0 

j } 

>7 

77 

7 * 

77 

.19 

10.0 

7 7 

77 

7 7 

7 7 

7 7 

.25 

100.0 

}> 

>> 

7 7 

7 7 

7 7 

.55 

10 

0.01 

48 

0.5 

0 

0 

.48 

10 

O.o 

7 7 

7 7 

7 T 

7 7 

.35 

10 

1.0 

7 7 

* 7 

f 7 

7 7 

.55 

10 

5.0 

7 7 

7 7 

7 7 

7 7 

.48 

10 

0.2 

24 

0 

0.05 

0 

.30 

10 

0.5 

77 

7 7 

♦ 7 

7 7 

.40 

10 

1.0 

7 7 

7 7 


7 7 

.48 

10 

5.0 

.J 7 

7 7 

7 » 

7 7 

.43 

0.2 

0.1 

32 

0 

0.05 

0 

.01 

0.5 

) > 

; 7 

J» 

7 7 

7 7 

.07 

1.0 

} 7 

7 7 

77 

7 7 

7 7 

.09 

5.0 

7 7 

7 7 

77 

7 7 

77 

.51 

10.0 

7 7 

7 7 

7 7 

7 7 

7 7 

.55 

100.0 

7 7 

77 

1 7 

77 

7 7 

.06 

0.2 

0.1 

48 

0 

0 

0.012 

.02 

0.5 

1*0 

f i 

7 } 

7 ^ 

7 7 

7 7 

7 7 

7 * 

7 7 

77 

7 7 

.00 

.00 

5.0 

7 7 

77 

77 

7 7 

7 7 

.15 

10.0 

100.0 

7 7 

7 7 

7 7 

77 

7 7 

77 

7 7 

7 7 

7 7 

.17 

.67 


* The time required for initiation of growth varies witli inoeulum size, concentration of 
inhibitor, and concentration of PGA. The incubation times given were clioseu so that growtli 
values were intermediate between no growth and complete growth. In the absence ^ inhibitor, 
complete growth (optical density = 0.77) was reached at all concentrations of PGA above 
1.0 my/ml in 18 hours. 


ing the PGA concentration constant. 

Table I gives representative values for the 
grow'th of the organisms (optical density) at 
appropriate times. It may be seen that the 
inhibition induced by KCN, HoOo, or caffeine 
was partially reversed by the addition of large 
quantities of PGA. On the other hand the 
addition of Ca pantothenate above the nor- 
mal requirement for this factor was without 
beneficial effect. It should be pointed out 
that in the presence of HnOa low concentra- 
tions of PGA eventually permitted nearly 
complete growth, indicating that there ■was 
little or no destruction of the vitamin by the 

^Probably the only biochemical property the 
three inhibitors have in common is their rela- 
tion to catalase, pero.vidase, cytochrome, cyto- 


chrome o.xidase, and perhaps other metal- 
porphyrin systems; it therefore seems logical 
to conclude that PGA acts by stimulating the 
production of extra quantities of metal-por- 
phyrin enzymies. 

The molaritj'- of KCN required to bring 
about complete inhibition is of the same or- 
der of magnitude as that required to reduce 
the oxidation potential of hemin to a mini- 
mum, as shown by Barron.'* 

Keilin has studied the effect of caffeine on 
hematins and concluded that the purine forms 
complexes with porphyrin."' -According to 
Cheyney '* the inhibitory action of caffeine 

im; izT, 

S85. ^ „ 

c Keilin, .T., Bioctiem. J-, 1943, .17, -81. 

« Cheyney, R. H-, -R Phpsio!., 194(i, 20 , c.l. 
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on fertilized Arbacta egg respiration is medi- 
ated through the cytochrome-cytochrome oxi- 
dase system. The percentage of caffeine 
herein found to inhibit S. jaecaUs is very 
similar to that found by Cheyney to inhibit 
cell division in Arbacta. These considerations 
would appear to offer strong support to the 
hypothesis suggested in this and earlier com- 
munications. 

Summary. Streptococcus jaccalis was grown 
in the usual PG.-\-deficient medium contain- 
ing graded amounts of PG.-\, to which either 
0.05^ potassium cyanide, 0.5^ caffeine, or 


0.012^ hydrogen peroxide was added as an 
inhibitor. The inhibition induced by any of 
these three substances was partially reversed 
by large amounts of PGA. In control ex- 
periments where the Ca pantothenate content 
of the medium was varied but the PG.A. con- 
tent kept constant, no such reversal of inhibi- 
tion was found even with high levels of Ca 
pantothenate. These data lend additional 
support to the suggestion that PG.\ is in- 
volved in the synthesis of the porphyrin por- 
tions of metal-porphyrin enzjTnes. 
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Habitat of Evdavieba buccalis in Lesions of Periodontoclasia.* 

Charles C. Bass. 

From the School of Medicine. Tulanc of Loiiisiona, Xric Orlcnns. La. 


Many years ago Johns and P showed that 
Endamcba buccalis are most numerous at 
the very bottom of the pyorrhoea pocket. 
Later Kofoid - substantiated, and extended 
the application of this observation. 

Studies of amebae in periodontoclasia have 
been based largely upon material taken from 
the lesions around and between teeth in situ. 
.-\lthough dental literature contains large 
numbers of illustrations of sections of teeth, 
including the periodontal tissues in all stages 
of periodontoclasia, the amebae present usual- 
ly have been overlooked. Probably this has 
resulted from the fact tliat they are located 
within the bacterial film on the tootli and are 
not easily recognized in sections prepared in 
the usual way. Kofoid and Hinshaw- re- 
ported the distribution of the amebae found 

' SStiuiie!: I'romoted by facilities to which I have 
li:ul access at the School of Jlcilicine, Tul.inc 
I'liiversity of Louisiana, and by aid for eqiiiii- 
inent and su]i]>Iies provided by the I'niversity. 

1 Itass. C'. C., and .lohns, F. M., J. A. M. .ct.. 
1010, tVI. OO.L 

= Kofoid, F. A.. J. Fnni.c.. 1 .-,. 101. • 

a Kofoid. F. .V., and Hinshaw, It. F., .7. V. 
ll'Ca. S, 44C.. 


at different levels in relation to the calculus 
in sections of two incisors removed at biopsy. 

More recently, employing an entirely dif- 
ferent method, I have been able to ascertain, 
more accurately, the location and habitat of 
the parasite in these lesions. The method 
consists essentially of microscopic study of 
material removed, under the dissecting micro- 
scope, with delicate micro-instruments, from 
different locations on extracted teeth which 
have been stained to facilitate indentification 
of the structures and material present. 

Elsewhere I ^ have described a previously 
unrecognized demonstrable line on extracted 
teeth which indicates the location of the outer 
border of the epithelial attachment. It is 
called the ‘‘zone of disintegrating epithelial- 
attachment cuticle" or zdeac. This line not 
only indicates the location of the outer border 
of the epithelial attachment, but it also ac- 
curately indicates the location, on the tooth, 
of the very bottom of the periodontoclasia 
lesion. With the zdeac as a guide, small 
particles of the soft bacterial film material 
can be picked from any selected areas and 

C. C.. .7. T). Fr.'!.. 25. 401. 
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TABLE I. 

Grro^\-th of Sirepiococcns faecalis in Presence of Inhibitors, with Varying Concentrations of 
Pteroyigiutaniie Acid (PCrA) or Calcium Pantothenate (CaP). 


Incubation 


PGA 

CaP 

time* . 

Caffeine 

KCA' 

H»0-. 

uiy/uiI 

y/uiI 

lir 

% 

% 

% 

0.2 

0.1 

24 

0.5 

0 

0 

0.5 

? f 

7 7 

77 

It 

; 1 

1.0 

f} 

7 7 

7 7 

1 } 

1 7 

5.0 

) 7 

7 7 

17 

1 1 

7 7 

10.0 

7 7 

7 7 

' 1> 

3 y 

11 

100.0 

7 7 

7 7 

7 7 

1 1 

1 i 

10 

0.01 

48 

0.5 

0 

0 

10 

O.o 

7 7 

77 

7 7 

y y 

10 

1.0 

77 

*7 

7 > 

1 } 

10 

5.0 

77 

7 7 

7 7 

71 

10 

0.2 

24 

0 

0.05 

0 

10 

0.5 

7 1 

7 7 

7 * 

y y 

10 

1.0 

1 7 

7 7 

7 7 


10 

5.0 


J 7 

7 « 


0.2 

O.I 

32 

0 

0.05 

0 

0.5 

7 7 

7 7 

7 * 

7 7 


1.0 

7 7 

17 

7 7 

7 7 


5.0 

7 y 

}7 

it 

yy 


10.0 

7 7 

7 7 

7 3 

1 7 


100.0 

7 7 

7 7 

7 7 

17 


0.2 

0.1 

48 

0 

0 

0.012 

0.5 

7 7 

7 * 

77 

7 7 


1.0 

7 7 

7 7 

7 7 

7 7 

y 1 

5.0 

7 7 

7 7 

7 7 

7 7 


10.0 

17 

7 7 

7 7 

71 


100.0 

77 

77 

17 


” 


Optical 

density 


.04 

.11 

.19 

.25 

.55 

.48 

.35 

.55 

.48 

.30 

.40 

.48 

.43 

.01 

.07 

.09 

.51 

.55 

.00 

.02 

.00 

.00 

.15 

.17 

.07 


The time required for initiation ot growtn varies ivitn inocuium 
inliibitor, and concentration of PGA. The incubation times gijen were cliosen so timt growtli 
values were intermediate between no growth and complete gron-th. In the absence ^ 
complete growth (optical density = 0.77) was reached at all concentrations of PGA . b 
1.0 my/ml in 18 hours. 


ing the PGA concentration constant. 

Table I gives representative values for the 
growth of the organisms (optical density) at 
appropriate times. It may be seen that the 
inhibition induced by KCN, H2O2, or caffeine 
was partially reversed by the addition of large 
quantities of PGA. On the other hand the 
addition of Ca pantothenate above the nor- 
mal requirement for this factor was without 
beneficial effect. It should be pointed out 
that in the presence of H2O2 low concentra- 
tions of PGA eventually permitted nearly 
complete growth, indicating that there was 
little or no destruction of the vitamin by the 
peroxide. 

Probably the only biochemical property the 
three inhibitors have in common is their rela- 
tion to catalase, peroxidase, cytochrome, cyto- 


chrome oxidase, and perhaps other metal- 
porphyrin systems; it therefore seems logica 
to conclude that PGA acts by stimulating the 
production of extra quantities of metal-por- 
phvrin enzymes. 

The molarity of KCN required to bring 
about complete inhibition is of the same or- 
der of magnitude as that required to reduce 
the oxidation potential of hemin to a mini- 
mum, as shown by Barron.'* 

Keilin has studied the effect of caffeine on 
hematins and concluded that the purine forms 
complexes with porphyrin.'’ According to 
Cheyney“ the inhibitor y action of caffeine 

4 Barron, E. S. G., J. Biot Clicm., 1937, ISl, 
285. 

B Keilin, J., Biocliem. J., 1943, 37, 281. 

c Clievner, R. H., J. Gen. Physiol., 194G, 29, C ■ 
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on fertilized Arbacia egg respiration is medi- 
ated through the cytochrome-cytochrome oxi- 
dase system. The percentage of caffeine 
herein found to inhibit 5. jaccalis is ver}’- 
similar to that found by Cheyney to inhibit 
cell division in Arbacia. These considerations 
would appear to offer strong support to the 
hjfpothesis suggested in this and earlier com- 
munications. 

Summary. Streptococcus jaccalis rvas grown 
in the usual PG.Vdeficient medium contain- 
ing graded amounts of PG.A,, to which either 
0.05% potassium cyanide, 0.5% caffeine, or 


0.012% hydrogen peroxide rvas added as an 
inhibitor. The inhibition induced by any of 
these three substances was partiallj^ reversed 
b}'^ large amounts of PGA. In control ex- 
periments where the Ca pantothenate content 
of the medium was varied but the PGA con- 
tent kept constant, no such reversal of inhibi- 
tion was found even with high levels of Ca 
pantothenate. These data lend additional 
support to the suggestion that PGA is in- 
voU'ed in the synthesis of the porph3Tin por- 
tions of metal-porphjTin enzymes. 
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Habitat of Etidauieba buccalis in Lesions of Periodontoclasia.* 

Charles C. Bass. 

From the School of ilcdicinc, Titlanc Vnivcr.stiy of Louisiana, Xcw Orleans, La. 


lilany years ago Johns and P showed that 
Evdameba buccalis are most numerous at 
the very bottom of the pyorrhoea pocket. 
Later Kofoid - substantiated, and extended 
the application of this observation. 

Studies of amebae in periodontoclasia have 
been based largely upon material taken from 
the lesions around and between teeth in situ. 
Although dental literature contains large 
numbers of illustrations of sections of teeth, 
including the periodontal tissues in all stages 
of periodontoclasia, the amebae present usual- 
Ij' have been overlooked. Probably this has 
resulted from the fact tliat they are located 
within the bacterial film on the tooth and are 
not easily recognized in sections prepared in 
the usual way. Kofoid and Hinshaw" re- 
ported the distribution of the amebae found 

* Stii(tic.s iiroinotcd by f!ici]ifio.>! to ivliieli I h.ovc 
liiid .iccpss !it the Scliool of ilcdicino, Tulane 
University of Loiiisiniia, niul by .aid for 'equip- 
ment .and .supplies provided liy tlie University. 

1 B:is.s, C. C.. .and .Tolms, F. ^L, J. A. M. A., 
1915, «-!, 053. 

Kofoid, C. A., .r. Pora.s.. 1929, lo. 151. ’ 

3 Kofoid, U. A., .and Hin.sii.aw, II. C., J. J). Fes., 
19'29, 8, -tic. 


at different levels in relation to the calculus 
in sections of two incisors removed at biopsy. 

More recently, employing an entirely dif- 
ferent method, I have been able to ascertain, 
more accurately, the location and habitat of 
the parasite in these lesions. The method 
consists essentially of microscopic studj' of 
material removed, under the dissecting micro- 
scope, with delicate micro-instruments, from 
different locations on extracted teeth which 
have been stained to facilitate indentification 
of the structures and material present. 

Elsewhere I * have described a previouslj' 
unrecognized demonstrable line on extracted 
teeth which indicates the location of the outer 
border of the epithelial attachment. It is 
called the “zone of disintegrating epithelial- 
attachment cuticle” or zdeac. This line not 
onl}’ indicates the location of the outer border 
of the epithelial attachment, but it also ac- 
curateh’ indicates the location, on the tooth, 
of the very bottom of the periodontoclasia 
lesion. With the zdeac as a guide, small 
particles of the soft bacterial film material 
can be picked from an\' selected areas and 

C. d , J . I ). Frs ., 1945, '2,“, 401. ~ 
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Endamcba buccalis. Habitat in Periodontoclasia 


locations at and near the bottom of the lesion. 

Technic. The equipment and technical 
procedures previously described ^ are re- 
quired. Safranin (0.5% in water) is satis- 
factory for staining tooth specimens for the' 
present purpose. Immerse the formalin pre- 
served specimen in the stain 3 to 5 minutes 
or longer. Wash well in water and e.xamine 
under the dissecting microscope. The zdeac 
is not sharply shown on specimens stained 
with safranin but it can be recognized satis- 
factorily by one who has previously familiar- 
ized himself with this important landmark. 

For removal of particles of material for 
examination under higher magnifications, a 
suitable micrurgic blade is required. This is 
made * from a very fine needle, the point of 
which is ground to a thin blade or chisel 
shape, not more than 0.25 mm wide. 

With the specimen in the field of the dis- 
secting microscope and a good light focussed 
upon it from above, small particles are picked 
from the thin edge of the soft stained material 
extending down to, and sometimes overlap- 
ping, the outer border of the zdeac. One 
or more such selected particles are transferred 
to a droplet of 50% glycerine on a slide and 
there teased apart, if desired, with the aid 
of 2 very fine pointed needles. A ^ size 
coverglass is put on but not pressed down 
too hard. The mounted specimen is now 
ready for examination. 

By proper adjustment of the light, different 
levels around the thin edge of particles and 
for some distance inward, can be focussed 
well enough to recognize the amaebae and 
the filaments and branches of the leptotrichia 
among which they are imbedded.f 

The Periodontoclasia Lesion. The lesion of 
periodontoclasia consists of a pocket or space 
(“pyorrhoea pocket”) at various locations 

f Tlie ainetoo are imbedded in a mass of bac- 
terial material. Tliis must be stained ligbtiy with 
a weak stain to permit focussing upon them 
flirough the mass. 

These amebae h.ave not been generally observed 
in paraffin or ccHoidin sections of teeth and 
parodontal tissues. Perhaps this e.vplains,4o some 
Uent, why the habitat of this widely distributed 
parasite has not been generally recognized in 
such material heretofore. 


about the tooth, and may extend all way or 
only part way around it. There is much 
variation in the depth of lesions around dif- 
ferent teeth, and that of the lesions at dif- 
ferent locations around the same tooth. 

On one side of the lesion there is an in- 
flamed suppurating surface of epithelial tissue 
extending from the gingival margin to the 
bottom of the lesion. On the opposite side 
is the tooth which is covered with more or 
less hard calculus. Attached to the calculus 
and to the tooth near it, not 3 ’'et covered with 
calculus, there is a pad of soft bacterial ma- 
terial consisting of a compact mass, of vari- 
able thickness, of stems and filaments e.x- 
tending outward towards the space and down- 
ward towards the very bottom of the lesion. 
This latter has been noted recently by. Box,'’ 
not, however, with any reference to amebae 
present. 

The outer part of the pad attached to the 
tooth consists largely of radiating filaments 
which protrude at the surface as a thick-set 
carpet-like pile of growing, branching and 
fruiting stems. It is possible that the com- 
pact portion of the baterial pad attached to 
the tooth may consist of several different 
kinds of organisms of this tyipe. However, 
the fruiting heads on the surface and the 
stems that can be focussed deeper in con- 
form, in most instances, to Leptothrix jalci- 
jonnis. This organism was first described in 
material from around teeth by Buest ® and 
given the name L. jalcijonnis, because of the 
scythe- or blade-shaped conidia produced on 
the fruiting branches. These conidia or spore 
bearing curved to straight rods of varying 
size radiate, at an angle, from the central 
stalk, which is also surrounded by a large 
amount of jelly-like material in which the 
falciforms are imbedded. 

Association of the Amebae with Leptotri- 
chia and their Distribution. Intimate asso- 
ciation of E. buccalis with filamentous bac- 
terial material has been observed.-’’’'** Good- 

0 Box, H. K., .r. Canadian P. A., 1947, 13, 3. 

c Buest, TIico. Von, Pent. Cos., IPOS, 00, 594. 

7 Barrett, If. T., Pent. Cos., 1914, OO, 948. 

8 Goodricli, H. B-. ■uni Jfosely, M., •7. Hot/. Mic. 
Soc., 1916, Dec., 513. 
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Kip. 1. 7:. bj/rrn?i.s' mounted, for comparison, hy tlic side of an isolated fruiting stem of 

L. fdlriformisK. X 1-00. 

Fig. *J. Outer c<lgc of leptofhrix hed; fruiting head covered with spirochetes; arrows point 
to anicha at edge and others, not sharply focussed, deeper in. X SIO. 

Fig. 3. Leptothrix bed; arrows jmint to anicbac, p.Trtially focussed. X SIO. 

Fig. 4. Deep leptothrix bed; arrows point to imbedded amebae. X SIO. 
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rich and Mosely® found that these amebae 
(Entamcba ghigivalis) are in greatest num- 
bers on the under side of the tartar ridge. 
They claim that the parasites do not burrow 
into the tissues of the gum but often between 
the terminal branches of the leptotrichia 
which are found in abundance in the pyor- 
rhoea lesion. 

The space between the leptotrichial bed on 
the one side and the inflamed epithelial wall 
on the other, contains inflammatory tissue 
exudate, large numbers of bacteria of many 
varieties, spirochetes and usually some ame- 
bae which have come out from their bed to 
their feeding ground where there are an abun- 
dance of pus cells upon which they feed. 
After feeding the parasite usually withdraws 
into the leptothrix bed for safety and pro- 
tection. Individuals that venture too far 
away from the bed into the open space are 
unable to return and are swept out with the 
pus, especially when it is squeezed out by 
pressure upon the tooth in chewing, biting, 
etc. 


The parasites are found scattered among 
the branches and fruiting heads (Fig. 1) of 
the leptothrix bed. The individual not only 
burrows between the different elements — 
stems, filaments, falciforms — making up the 
outer surface, but apparently they also bur- 
row about in the abundant jelly-like material 
imbedding these elements (Fig. 2, 3, 4). In 
studying several hundred such specimens as 
suggested here, I have often observed several 
amebae clustered about a leptothrix stalk and 
especially in the fork where a large stalk ap- 
parently divides into 2 smaller ones. For 
the most part, however, they are found sepa- 
rate and not in direct contact with each other. 

Summary. A simple method is given, of 
collecting material from the area on extracted 
teeth, which is inhabited by E. buccalis. 

The habitat of E. buccalis is the outer part 
of the filamentous bacterial film on the tooth, 
within the periodontoclasia lesion. There 
they are protected and live, grow and mul- 
tiply among the strands and fruiting heads 
of leptotrichia, principally Z. Jalciformis. 
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Creeping Eruption Caused by the Larvae of the Cattle Hookworm 
B tni osto m nm phleboto m it m . 

Roy L. Mayhew. 


From the College of AgricnUi 

Several y^ears ago while making a series of 
inoculations with third stage larvae of the 
hookworm, Bumstomum phlebotomnm, and 
the nodular worm, Oesophagostomum radio- 
turn, by placing the larvae on the skin of the 
calves we frequently noted the appearance of 
small inflamed spots between our fingers.^ 
Some of these spots increased after a few 
hours to about M inch in diameter, followed 
after 2 or 3 days by the appearance of a 
narrow, linear, tortuous eruption which be- 
came extended at intervals during the next 
few days. Following the course of these 
eruption areas a slightly raised, vesicular line 
generally developed' within a few hours which 


rc, Louisimio Stuic Vhivcrsii\i. 

might be interrupted at points. The entire 
area became more or less swollen and in- 
tensely itchy particularly in the mornings. 
Within about 2 weeks the surface of the skin 
was dry, scaly, and the irritation gone. Re- 
cently another series of inoculations were 
undertaken using pure cultures of hookworm 
larvae^ and we again noted the appearance 
of these spots always coincidently with the 
skin inoculations on the calves. , 

The following may be taken as ‘a tropical 

1 Mavhew, R. L., Cornell Vet., 1939, 29, SG". 

= Mayliew, K. L-, Pkoc. Soc. E.w. Biol, anp 
Mko., 1946, <53, 3G0. 
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description of one of these lesions. On Octo- 
ber 3, 1946 several lesions developed follow- 
ing the application of larvae to the skin of 
a calf, one of these being on the interdigital 
surface of the ring finger on the side adjacent 
to the middle finger and at the distal joint. 
This lesion developed to the diameter of 
inch in 2 or 3 hours, and remained in this 
condition until the night of October 7, when 
a narrow, elevated, linear extension about 
inch long appeared directed toward the pal- 
mar side of the finger. On the night of Octo- 
ber 8 a right angle extension about inch 
long developed toward the tip of the finger. 
Between 6 and 9 P. hi. on October 9 the 
eruption area was extended toward the pal- 
mar side of the finger about ^ inch and back 
almost to the starting point in the form of 
an irregular oval. On the night of October 
10 the eruption area was ^ain extended 
about yi inch toward the tip of the finger. 
The entire area became swollen and was very 
itchy especially in the mornings. A slightly 
raised line, interrupted in places, and be- 
coming vesicular in places after a few hours, 
dei'eloped along the eruption area. This 
vesicular line possibly represents the path of 
migration of the larvae. No additional migra- 
tion was obsen'ed and by October 12 the 
swelling and irritation was beginning to dis- 
appear. In about another week the area no 
longer showed irritation, the swelling was 
gone, and the outer layer of skin was scaling 
off along the course of migration. 

In our experience there was no evidence 
that the lari'ae penetrated bj- wa}^ of the hair 
follicles since no eruption areas appeared on 
the back of the fingers or hand where hair 
follicles are present but always on the rela- 
tively thin skin areas between the fingers. 
Two instances were noted in which lan’ae 
penetrated on the palm side of the fingers. 
One of these was on the palm side of the 
thumb near the tip and the other between the 
first and second joints of the left index finger. 
In each instance the skin had been punctured 
and slightly torn a day or two before and 
(here was migration over to 3^ inch area. 

In a few instances a tingling or prickling 
sensation was noted. One of these we were 
able to obsen’e in particular. \ drop of the 



IHg. 1. 

Pliotograpli showing eruption area in which 
4 and possibly 5 larvae liad penetrated. The 
linear eruptions of 2 of the larvae extended around 
on to tlie palmar side of the finger. 

larval suspension was obserx’ed to run along 
between the index and middle finger of the 
left hand as they were held together, and 
within a few seconds a distinct prickling sen- 
sation was noted. That the calf has similar 
sensations is indicated by the fact that they 
have been obser\’ed many times to twitch the 
skin of the area to which the larvae are be- 
ing applied during the next few minutes after 
contact with the suspension, and also to 
switch the tail toward the side on which the 
lar\'ae had been applied. 

The lesions and symptoms are in the main 
identical with those reported by Kirby-Smith, 
Dove, and White, ^ and White and Doi'e,'* as 
developing from larvae of the dog hookworm, 
Ancylostoma brazilcnsc, in man, and knonm 
as creeping eruption. The principal differ- 
ence seems to be that the duration of the 
eruptions and irritation is not so prolonged 
in the case of the cattle hookworm. In our 
e-xperience with the cattle hookworm the dura- 

3 Kirby .Smith, J. X.., Dove, VT. E., and White, 
G. F., Arch. Derm. Sipli., 3920, 13, 337. 

^Wliite, G, F., .and Dove, W. E., ,T. An. Jtfd. 
.•tssn., 3928, DO, 3703. 
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tion is one to three weeks while that of the 
dog hookworm is from several weeks to 
months. We also have the impression that 
the larvae of the cattle hookworm do not 
penetrate is as large numbers as those of the 
dog hookworm. In the instances coming un- 
der our observation there was no secondary 
infection while in the case of the dog hook- 


worm larvae this may develop as a result 
of the prolonged scratching. There is much 
similarity to the schistosome dermatitis which 
has been so extensively studied in recent years 
by Cort," and his associates. There is, how- 
ever, no migration in schistosome dermatitis. 


5 Cort, W. W., Am. J. Syg., 1936, 23, 349. 
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Histochemistry XIX. Localization of Alkaline Phosphatase in Normal 
and Pathological Human Skin.* 

IsADORE Fisher and David Click. 

From the Division of Dermatology anti the Department of Physiological Chemistry, University 

of Minnesota, Minneapolis. 


The present stud}'- was undertaken in the 
hope of establishing the histo- and cytologic 
distribution of alkaline and acid phosphatase 
and lipase in normal and pathologic human 
skin. Our results were essentially negative 
for the acid phosphatase and lipase, so that 
this report deals with alkaline phosphatase 
alone. The methods of Gomori^ for the 
demonstration of the enzymes were employed 
throughout. All tissue sections were placed 
in 0.1 M citrate buffer, pH 4.S-S.0, for 30 
minutes before the enzyme staining reaction 
was applied in order to remove preformed 
phosphates and other substances which might 
give a positive reaction. Inasmuch as con- 
trol experiments on these sections demon- 
strated no staining whatsoever in the absence 
of substrate, any staining obtained could be 
ascribed to enzyme action alone. An incuba- 
tion period of 12-24 hours in the substrate 
medium was used. In this study 32 speci- 
mens of normal skin, collected from 27 in- 
dividuals, were selected from the scalp, face, 
breast, axilla, chest, palm, back, abdomen, 
penis, scrotum and hip. This selection was 
made because of the differences in histologic 

* Aided by a grant from tlie Medical Eescarcli 
Fund of the Graduate School, Universitr of Min- 
nesota. 

1 Gomori, G., Am. J. Clin. Path., 1946, 1C, 347. 


structure of skin from those sources. The 33 
pathological specimens were biopsied from 8 
cases of eczema, 2 cases of lupus erythema- 
tosus, 2 cases of psoriasis, 1 case of papular 
urticaria, 2 cases of pyogenic granuloma, 15 
cases of healing wounds and scars, and 3 cases 
of acne vulgaris. 

In normal skin, alkaline phosphatase ac- 
tivity was demonstrated in all specimens. 
There was slight staining in the stratum 
granulosum in agreement with the findings of 
Bourne and MacKinnon- who investigated 
guinea pig skin. The endothelial walls of the 
capillaries showed the most uniform and clear 
cut staining effects as previously observed b}' 
Gomori® and others. The reaction was most 
pronounced in the nuclei of the endothelial 
cells and the nucleoli showed a stronger re- 
action than the other parts of the nuclei. 
The hairs and hair follicles, especial!}'- the 
papillae, gave an intense reaction in much the 
same manner as found for guinea pig skin by 
Johnson et al.,^ and Bourne and MacKinnon.® 
However, in the present investigation, a 

e Bourne, G., and MacKinnon, M., Quart. J. 
Exp. Physiol., 1943, 33, 1. 

3 Gomori, G., J. Cell, ami Comp. Physiol., 1941, 

17, 71. 

A Johnson, P. L., and Berelander, G., Anat. 
See., 1946, 03, 193. 
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Fig. 1. 

Section of axill.iry skin X 73. Showing slight 
enzyme activity in stratum granulosum and in- 
tense reaction in follicular papilla, capillaries 
and apocrine glands. (1) Follicular papilla, (2) 
apocrine glands, (3) sebaceous glands and sur- 
rounding vascular bed, (4) capillaries, (5) stratum 
granulosum. 


greater intensity of staining tvas observed at 
the base of the follicular papillae which is 
the site of the nutrient capillary (Fig. 1). 
This was not previously described in the work 
on guinea pig skin. The onl\' evidence of 
alkaline phosphatase activiU’ we were able to 
demonstrate associated with the sebaceous 
glands was in the rich capillary bed surround- 
ing them (Fig. 1). This is in contrast to the 
reports dealing with the work on guinea pigs- 
in which definite staining of sebaceous glands 
was reported. 

.-\lthough previous reports have not men- 
tioned alkaline phosphatase in the sweat 
glands, these glands showed marked activity 
with some variation in intensity in the loops. 
The activity in the apocrine glands was more 
clearly and uniformly demonstrable than in 
the eccrine glands. In both, the stain was 


fairly diffuse but it was most prominent at 
the periphery of the cell and in the nucleus 
(Fig. 2). The heavier staining of the nucleo- 
lus as compared to the rest of the nucleus 
was most dearly apparent in the apocrine 
cel! (Fig. 3). 

.■\mong the dermatologic states found to 
show no abnormal alkaline phosphatase ac- 
tivity are lupus erj'thematosus, psoriasis, and 
papular urticaria. Three specimens from dif- 
ferent patients with acne vulgaris showed 
some diffuse deeper staining involving the 
lymphocytic infiltrate. The greatest change 
was seen in scar tissue or tissue showing evi- 
dence of new fibroblastic proliferation. In 
two biopsies obtained a few days after closure 
of a burn wound the nuclei of the fibroblasts 
gave a stronger reaction than the cellular 
cytoplasm. Three older scar tissues (2-8 



16 


Alkaline Phosphatase in Human Skin 



Pig. 2. 

Section oi: ecerine glands X 300. Nuclei, 
nucleoli and cell walls show positive reactions. 
The lighter staining sweat duct with its multiple 
layered coll wall can be seen. 


months after healing of an operative wound) 
showed very definite, though slightly dimin- 
ished, alkaline phosphatase activity in the 
fibroblasts (Fig. 4). Still older scars of the 
same type contained a few scattered groups 
of fibroblasts giving the positive reaction. 
These results are in accord with the obser- 
vations of Fell and Danielli'’ who described 
the distribution of alkaline phosphatase in 
the fibroblasts and new collagen fibers of 
healing e.vperimental wounds in rats. In the 
same year, Gomori reported phosphatase posi- 
tive fibroblasts in connective tissue subjacent 
to newly formed epithelium in fascial trans- 
plants of bladder epithelium.® In • a pyo- 
genic granuloma the new fibroblasts reacted 
in the same fashion as those in scar tissue. 
The infiltrate, consisting of pohnnorphonu- 
clear leucocytes and lymphocytes also gave 

a Fell, H. B., and Vanielli, J. F-, FHt. J. FxVy 
Path., 1943, £«, 196. 


a positive phosphatase reaction. 

A study of the skin in 3 cases of eczema 
and in 3 cases showing positive allergic skin 
tests was made. Sections from the sites of 
positive allergic reactions showed no abnor- 
mal change nor did those from relatively 
acute eczemas. In 3 cases of long standing 
eczema noth infiltration and thickening of 
the skin the picture was quite different (Fig. 
5). Here the phosphatase reaction of the 
perivascular infiltrate, made up of b’mpho- 
cytes, monocytes and some plasma cells, was 
distinctly positive. There was also some dif- 
fuse staining of the connective tissue includ- 
ing some of the fibroblasts in the deeper cutis. 

Summary. In normal skin, alkaline phos- 
phatase activity was observed in the stratum 
granulosum. endothelial lining of the capil- 
laries, in hairs, hair follicles, and sweat glands. 

In the hair follicles, the greatest activity was 

c Gomori, G., -4ui. P Path., 194.3, — , 197. 
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Fig. 5. 

Section of chronic eczema. In tlie deeper cutis, 
proliferatire activity is manifested hy tiie pres- 
ence of alkaline phosphatase in the new fibroblasts 
and in the connective tissue fibers. Staining of 
some of the infiltrate is also shown. 


in the papillae. In the endothelial cells and 
cells of the sweat glands, the enzyme appears 
to be concentrated at the cell walls and in 
the nuclei, the nucleoli showing even greater 
activity than other parts of the nuclei. 

Pathologic tissue from cases of lupus ery- 
thematosus, psoriasis and papular urticaria 
showed no significant changes in the enzyme 
activity. 

Alkaline phosphatase activity was found in 
proliferating fibroblasts in scar tissue, especi- 
ally in the newly formed scar, and also in 
the fibroblasts and infiltrate of pyogenic 


granuloma. The nuclei gave a more intense 
reaction than the cytoplasm of the cells. 

In chronic eczema of long standing, the 
cellular perivascular infiltrate of l}rmphocytes, 
monocytes and plasma cells, as well as the 
fibroblasts, showed significant alkaline phos- 
phatase activity. 

In acne vulgaris, the infiltrate exhibited the 
enzyme activity. 

The authors are indebted to Misses Verna 
I/orenzoni, Elsa Janda and Mrs. Irene Daniels 
for teclinieal assistance. 
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Cobalt Polycythemia. II. Relative Effects of Oral and Subcutaneous 
Administration of Gobaltous Chloride, 

Ax-x-an J. Stani.ey, Howaixd C. Hopps, and Alfred M. Shideler. 
(Introduced by Arthur A. Hellbaum.) 

From, the Departments of PliysioXogij, and Pathology, University of OMahoma School of 

itedicine, OTclahoma City, OMa. 


In spite of the fact that the efficacy of 
cobalt salts in stimulating erythropoiesis is 
well established, cobalt therapy is little used 
in the treatment of anemia.* This is probably 
due to the fact that many experimenters 
have given cobalt salts to animals by sub- 
cutaneous injection, whereas oral administra- 
tion should be preferred for human use. Also, 
there are few data concerning relative toxicity. 
No data have been recorded concerning the 
relative effects of cobalt salts on erythrocyte 
and hemoglobin production when administered 
orally, in contrast to subcutaneous injection. 
It has therefore been impossible to evaluate 
the effects of subcutaneous injection in terms 
of effective oral dosage. .Approximately 4 
times as much cobalt is excreted in the urine 
within the first 72 hours following subcutan- 
eous administration as when the same amount 
is given orally.-"' This difference is apparently 
related to the difference in rates of absorp- 
tion. 

In order to determine the effects of cobalt 
on erythrocyte and hemoglobin production 
under conditions of oral versus parenteral ad- 
ministration, and to establish further the op- 
timal and minimal toxic dosage of this sub- 

1 St.inley, A. J., Hopps, H. C., and Hellb.aum, 
A. A., Proc. Soc. Exr. Biou. aki> Med., 1940, Cl, 
130. 

- Greenberg. D. M., Copp, D. U., and CutbberV- 
son, E. M., ,r. JXio?. Chem.. 1943, 147, 749. 

3 SbcHnc, G. E., Cbaikoft, I. L., and Mont- 
gomorj-, M. E., Am. J. Physiol., 1940, 145, 2S5, 

"Preparations of CoCU'CH^O labeled “Rea- 
gent” vary considerably in tlicir content of im- 
purities. At least one such preparation contained 
sufficient load to produce lead infosication if 
given in amounts described here. We have re- 
stricted our use to the preparation marketed by 
Eimcr and Amend and labeled “Cobalt Cliloride 
C. V. C 0 CI 2 • GH^O Mol. wt. 237.95 Cat. no. C-371.” 


stance, the following experiment was devised. 
Of 30 albino rats, Sprague-Dawley strain, 
weighing approximately 250 g each, 24 re- 
ceived cobaltous chloride;* 6 , untreated, 
served as controls. The group of animals to 
be treated was subdivided into 6 groups of 
4 each. Group I received 2.5 mg/kg CoCW- 
6 H 2 O daily by mouth. Group 2 received 2.5 
mgAg daily by subcutaneous injection. 
Groups 3 and 4 received 10 mg/Ttg daily, 
orally and by subcutaneous injection, respec- 
tively. Groups 5 and 6 received 40 mg/kg 
daily, orally and by subcutaneous injection, 
respectively. 

Each dose of cobalt salt was injected sub- 
cutaneously in a solution of 0 , 2 ml of distilled 
water. For oral administration, a solution 
of the cobalt salt was mixed with equal parts 
of wheat flour and powdered sugar to form a 
stiff paste and packed in No. 5 gelatin cap- 
sules. Just before administration the capsules 
were moistened and then inserted far back 
in the animal’s pharynx. This method al- 
lowed a careful control of the oral dosage 
both as to amount and time of administration. 

The experiment was continued for S weeks. 
Blood counts and hemoglobin determinations 
were made at the beginning of the experiment 
and at 2 -week interv’als. These data are sum- 
marized in Table I, It is apparent that 2.5 mg 
CoCh/bHoO/kg/day, given subcutaneously, 
effected an increase of 30% in the number of 
erythrocytes per cu mm of blood in 6 weeks. 
It required approximately 40 mg/kg/day of 
cobaltous chloride by mouth, or 16 times as 
much to produce a comparable increase in 
erythrocytes. -Animals which received 10 mg/- 
kg of cobaltous chloride daily by the subcu- 
taneous route presented a more prompt ery- 
throcyte and hemoglobin response. A daily 
dose of 2.5 mg/kg produced an essentially 
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TABIiE I, 

Relative Effects of CoI>altous Cliloride (CoClo • GHoO) on Production of Erythrocytes and 
Hemoglohin in Bats •when Administered Oraliy and by Subcutaneous iCnjcction. 


'^0. 

nnimnls 

Dailj' dose 
nig/kg 

Oral Subcut. 

Erythrocytes in mUlions/eu mm. Hemoglobin in 
Time in weeks 

g per 100 ml 

0 

o 

4 

G 

8 

0 

2 

4 

6 

8 

4 

2.5 

S.84 

9.07 

8.90 

9.5C 

8.64 

1G.2 

16.2 

17.0 

17.0 

17.2 

4 

2.5 

S.C5 

9.44 

10.33 

11.38 

11.65 

16.1 

16.4 

19.4 

21.8 

22.5 

4 

10.0 

9.03 

9.7G 

10.28 

10.58 

10.40 

16.2 

16.6 

18.2 

20.0 

20.0 

4 

10.0 

9.3G 

10.07 

12.59 

11.98 

11.73 

16.4 

18.2 

22.2 

23.9 

22.4 

4 

40.0 

8.83 

9.25 

10.05 

11.17 

11.42 

15.9 

17.0 

18.6 

20.8 

21.7 

4* 

40.0 

8.84 

10.01 

— 

— 

— 

15.8 

17.8 

— 

— 

— 

G 

Controls 

8.72 

.9.01 

9.51 

S.S2 

9.06 

16.0 

16.5 

16.7 

16.8 

1G.2 

\ 


None of tliese 4 animals survived beyond 8 days due to the toxicity of cobalt in such 
massive doses. Erythrocyte and hemoglobin determinations were made at the end of G days 
rather than at 2 iveeks. The animals receiving the same dose orally survived. 


similar effect, but required an additional 2 
weeks. 

Rats which received 2.5 mg/kg of cobalt- 
ous chloride subcutaneously or 40 mg/kg by 
mouth did not manifest significant to.Tic ef- 
fects. Their body weight remained essentially 
constant, as did that of the controls. Rats 
which received 10 mg/kg of cobaltous chloride 
subcutaneously lost an average of 24% of 
their body weight by the end of 6 weeks. 
Those animals which received 40 mg/kg 
daily, subcutaneously, survived 5, 7, 8, and 
8 days, respectively. 

Summary. The relative effect of parenteral 
versus oral administration of cobaltous chlor- 
ide on erythrocyte and hemoglobin formation 


in rats has been determined. Daily subcu- 
taneous injection of 2.5 mgAg of body 
weight, over a period of 6 weeks, resulted in 
an increase of more than 30% in the number 
of erythrocytes per cu mm and in grams of 
hemoglobin per 100 ml of blood. To produce 
a similar effect from oral administration of 
cobaltous chloride, within the same period of 
time, 40 mg/kg of body weight was required. 
These dosages are without significant toxic 
effects. Rats which received 10 mg cobaltous 
chloride/kg daily, subcutaneously, averaged 
24% weight loss by the end of 6 weeks. Rats 
which received 40 mgAg body weight, sub- 
cutaneously, did not survive beyond 8 days. 
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Inhibition of the Hirst Haemagglutination OReaction by Pneimiococcal 
Extract, Normal Serums, and Blood Cell Esterases. 

Floyd A. Svec and George F. Forster. 

From the Vepartment of Internal MeSieine, Wesley Memorial Uospital, and the Division of 
Lahoratorics, Illinois Department of Publie Health, Chieago. 


During the course of other studies it was 
observed that culture filtrates of Type I 

’""‘WUlTthe final dr.aft of this paper was being 
prepared sever.al studies3-5 were reported before 
the Society of American Bacteriologists, ni Phila- 
delpliia, dealing with the nature of agglutinin- 
inhibiting substances. 


and Type V pneumococci would inhiliit the ag- 
glutination of chicken red cells by influenza 
virus. Stoneb2 found that lecithinase would 

1 Stone, J. D., Australian J. Exp. Dial, and 
Med. Set., 194G, 24, 191. 

a Stone, J. D., Australian ,T. Exp. Siol. and Med. 
Sci., 1946, 24, 197. 
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TABLE L 


C« mm CO 2 evolved in 30 minutes 

f ^ - — “ s 

. ' Cholinesterase Type I 

from from pneuroo- Type V pneumococcus Normal Normal Normal 
■ human human coccus Autol- rabbit G.P. human 

Substrate A celts AB cells autolysate j'sate Eiltrate serum serum serum 


Tributvrin 

.03 iil 0 0 38 43 14 200 25G 184 

Acctvl choline 

.003 M 40 34 — — 


inhibit the hemagglutinating action of vac- 
cinia and ectromelia viruses but did not affect 
the agglutination of red cells by influenza 
virus. 

The discovery” of an esterase in pneumo- 
coccus cultures, subsequently identified as 
cholinesterase' suggested to us that the 
latter enzyme might bear a causal relation- 
ship to the inhibition of influenzal hemag- 
glutination. While some of our results do 
not fit smoothly into such an explanation, 
they are not altogether contradictory and the 
data obtained seem of sufficient importance 
to warrant publication. 

Materials and Methods. Pneumococcal 
esterase was prepared from Type I and Type 
V cultures grown in a beef heart infusion 
hormone broth. In one method of preparation, 
after 18-24 hours incubation the cultures were 
adjusted to pH 7 with N/1 NaOH, were 
refrigerated overnight (for increased auto- 
lysis) and then centrifuged. The supernatant 
was Seitz-filtered. A second preparation was 
obtained by repeated freezing and thawing 
(6 cycles) of saline suspensions of once- 
washed 18-hour cultures. In the following 
discussion the first preparation is designated 
as pneumococcal filtrate, the second as pneu- 

3 Pric(lew.ild, W., Miller, E. tV., .ind Wlmtley, 
L. K., Soc. .till. Bactcrioloffi.’its, Ahst. Proc., 47tb 
meetiiig, 1017, Ci2. 

I Liebiivmn, A. .T., Pcrlstoin, D., and Snyder, 
G. A., Soc. ,(m. BaetcrioJostisls, Ah.%t. Proc., 47t)i 
meeting, 1047, G3. 

•'■Woolley, II. W., and Green, B. H., Soc. Am. 
PxjctcrioloiTUis, Proc., 47tli meeting, 1047, 

03. 

« Avery. O. T., .and Culicn, G. E., J. Pxp. 3lcct., 
20, 215; 1020, S2, 547, 571, 5S3; 1923, 38, 

100 . 

~ Sehallcr, K. Z.. P!i;f.<tioI. Chem., 3042, 276, 271. 


mococcal autolysate. 

For comparative purposes a partially puri- 
fied specific cholinesterase was prepared from 
human red cells by the method of Mendel 
and Rudney.® 

The inhibitory substances were titrated by 
a modification of the Hirst agglutinin-inhi- 
bition technic in which successive 2-fold di- 
lutions of the inhibiting substance were sub- 
stituted for serum dilutions. In all such tests 
10 agglutinating units of PR8 influenza virus 
were employed per tube and a 0.75% chicken 
red-cell suspension was used instead of the 
heavier suspension recommended by Hirst. 
Naked-eye readings are facilitated by the use 
of the lighter cell suspensions, inhibition 
titers are 2- to 4-fold higher than when 1.5% 
suspensions are used. 

Experimental. Table I records the esterase 
activity of the above preparations and also 
of normal rabbit, guinea pig, and human sera. 
Schachter’s modification” of the Ammon- War- 
burg technic was used with tributvrin as the 
substrate. Since the esterase of blood cells is 
a specific cholinesterase, acetyl choline was 
used in determining its activity. 

In Table II are recorded the results of ag- 
glutinin-inhibition tests using normal human 
and animal sera as inhibiting agents as well 
as the esterases prepared from pneumococci 
and from human red cells. 

To determine whether the effect of the 
pneumococcal inhibitory substance was due to 
action upon the virus, an unconcentrated al- 
lantoic fluid having a CCA titer of 1/1280 
was mixed in equal proportions with Type 

fi AfemlcI, B., .nnd Rndncy, 11., Piochem .7,, 3943 
37, 59. ’ 

OSclmchter, R. .T., Am. .7. Php.’nol, 3945 143 
552. ' ' ' 
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V pneumococcal filtrate diluted 1/5 and the 
mixture was incubated at room temperature 
for hours. The virus thus treated was then 
diluted 1/128 with physiological saline to 
make a final virus concentration of 10 ag- 
glutinating units per cc and a final dilution 
of the filtrate of 1/640 (beyond the concen- 
tration at which it could inhibit agglutina- 
tion). When a red cell suspension was added 
typical agglutination occurred. Virus similarly 
treated with red-cell cholinesterase or with 
guinea pig serum was also still capable of ag- 
glutinating chicken red cells. 

The pneumococcal filtrate, diluted 1/S -was 
then incubated at room temperature with an 
equal volume of 7.5^0 chicken red-cell sus- 
pension for V /2 hours after which the 
cells were washed twice, resuspended in 
0.75% concentration and tested for agglu- 
tinabilit3^ They were found to be no longer 
agglutinated by PR8 virus. Cholinesterase 
from human red cells bad no such effect upon 
the agglutinability of chicken red cells. 

According to Avery and Cullen® pneumo- 
coccal esterase suffers progressive loss of ac- 
tivity at temperatures above 50° C and be- 
comes completely inactive within 10 minutes 
at 70° C. McCrea has reported^" similar pro- 
gressive destruction between 56° C and 65° 

C of the substance in normal rabbit serum 
w'hich inhibits influenzal hemagglutination 
and complete inactivation when such serum 
was heated for 30 minutes at any higher 
temperatures. Had we been able to confirm 
McCrea’s observations, a striking analog!' 
could have been established between the in- 
hibiting agent and the cholinesterases studied. 
As Table III shows, however, the inhibitor!' 
power of normal guinea pig and rabbit sera 
were found to be either unaffected or were 
somewhat enhanced b}' temperatures between 
60° C and 70° C. Type V pneumococcal 
filtrate and human red-cell cholinesterase, 
on the other hand, were entirely inactive after 
■being heated to 60° C for half an hour. 

It is interesting to note (Table IV) that 
w'hen the inhibition test is performed at room 
temperature agglutination may occur at first 

10 McCrea, J. E., Australian J. 7irp. Eiol ana 
Med. Set., 1940, 24, 2S3. 


Agents Inhibiting Hirst Haemaggeutination 


23 


in tubes in which with further incubation the 
clumps will be dispersed under, the influence 
of the inhibiting agent. Whether the agent 
is a serum or a pneumococcal preparation, it 
appears to be slower in its action at this 
temperature than the agglutinating factor but 
in time is capable within its effective con- 
centration of counteracting it completely. 

Discussion. Tables I to IV, inclusive, reveal 
significant similarities in the action of pneu- 
mococcal filtrates, human red-cell extracts, 
and sera of 3 species of non-immunized ani- 
mals. Since chicken red cells exposed to the 
Type V pneumococcal preparation rendered 
them refractory to agglutination by PR8 
virus whereas the human red-cell extract 
failed to produce any such effect, some doubt 
is aroused regarding the relationship between 
specific cholinesterase (which the human cell 
extract contains) and the inhibitory phenom- 
enon. 

When these discordant findings have been 
considered, however, the fact remains that 
all of the agents employed in this study were 
capable of inhibiting influenzal haemagglutin- 
ation and all contained either specific or 
non-specific cholinesterase. 

Filtrates of a number of other organisms 
were tested for the inliibitorj' effect, but all 
were found to be inactive. The organisms 
tried included Staph, aureus, Strcpt pyogenes, 
Strept. initior, C. diphthcriae, C. ho§manni, 
E. coli, B. subtilis, and Prof, vulgaris. ,^11 of 


TABLE III. 

Agglutinat ion-inliibition Titers. 

Treatment 

Inhibiting G0°C Go^C* TO'C* 

agents TJnheated y, hr y, hr y^ hr 


Tj’pe V pneumo- 
coccus filtrate 1/25G <1/-1 

Eed-cell chol- 
inesterase 1/32 <1/4 

Guinea pig 

serum 1/320 1/1280 1/1280 1/1280 

Rabbit serum 1/320 1/320 1/1280 1/2560 

* Sera were diluted 1/10 with physiological 
saline prior to heating. 

these organisms have been reported^* to con- 
tain no cholinesterase. 

Summary. 1. Filtrates and autolysates of 
Type I and Type V pneumococcus cultures 
inhibited the agglutination of chicken red 
cells by influenza virus. 2. Chicken red cells 
treated with such a filtrate (or autolj'sate) 
could not then be agglutinated by the virus. 
3. Human red-cell e.xtracts and normal sera 
of man, guinea pigs, and rabbits were also 
shown to be capable of inhibiting agglutina- 
tion of chicken red cells by influenza virus, 
although some differences of behavior were 
noted. 4. The presence of a cholinesterase in 
each of these agents was shown and their pos- 
sible significance in agglutinin inhibition was 
discussed. 


11 Vincent, B., .nnd de Trat, J., Compt. Send. 
Soc. Biol, 1945, 139, 1148. 


TABLE IV. 
Inhibition Titers. 


Incubation 

time 

G.P. scrum 
vs PES 
(Typo A) 

G.P. serum 
vs Lee 
(TypeB) 

Rabbit serum 
vs PR8 
(Type A) 

Rabbit serum 
vs Lee 
(TypeB) 

TypeV 

pneumo filtrate 
vs PRS 

25 min 

<1/10 

1/10 

0 

1/20 

i/io' 

90 min 

1/1280 

1/2560 


1/80 

1/80 

IG hr* 

1/25G0 

1/25C0 

1/1280 

1/1280 

1/lGO 


* Placed in 4®C refrigerator after 90 minutes at indicated temperature. 
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Ovarian Cholesterol Levels During the Reproductive Cycle of the Rat.* 
Preston L. Perlman t and Samuel L. Leonard. 

From the Department of Zoology, Cornell University, Ithaca, F. F. 


Evidence that ovarian cholesterol may be 
a precursor of the ovarian hormones, particu- 
larly progesterone, has been by inference, both 
positive and negative. Comparison of results 
from previous studies on cholesterol variations 
during the ovarian cycle is difficult because of 
the lack of uniformity in presenting data, i.e., 
some report the free cholesterol and others 
only the cholesterol esters. By histochemical 
methods, no changes were observed in ovarian 
cholesterol during the reproductive c}'cle in 
humans^ although chemical analysis of human 
corpora lutea indicated a significant decrease 
in cholesterol esters only in the activety func- 
tioning corpus luteum of pregnancy.- In the 
pig, the cholesterol ester content of the cor- 
pora lutea was found to vary inversely with 
the activity of the gland.® Boyd'* found that 
in the whole ovary of the rabbit, there was an 
increase in- the free cholesterol during the first 
half of pregnancy followed by a decline while 
the cholesterol esters increased only during 
the last half of pregnancy. These results were 
interpreted as indicating that the rabbit cor- 
pora lutea reach a peak of activity about the 
middle of gestation. No change in free cho- 
lesterol was observed in the ovaries of guinea 
pigs during the course of gestation.® Based 
on histochemical studies of the corpora lutea 
of diestrum in the rat, Everett® strongly sug- 
gested that cholesterol serves as a precursor of 
progesterone. 

* -Aided by a giant from tlic Sage Fund pro- 
vided by the Cornell University Trustee-Faculty 
Committee on Kesearcli. 

t Fellow of the .Schering Corporation. 

I Kaufman, C., and Baetb, K., jlrcli. f. Gynak., 
1927, 130, 128. 

a IVeinhouse, S., and Brewer, J. I., J- Biol. 
Chem., 1942, 143, 617.' 

SBIoor, \7. E., Okey, B.; and Corner, G. 'W., 

J. Biol. Chem., 1930, S6, 291. 

■iBoyd, E. SI., <1- Biol. Chem., 1935, 108, 610. 

a Boyd, E. M., /. Biol. Chem., 193G, 112, 591. 

0 Everett, J. IV., ^Im. J- Jiml., 194.5, 7T, 293. 


A systematic examination of cholesterol in 
the ovary of the rat has been undertaken in 
this laboratory, and this report will show the 
changes in cholesterol level of the ovary in 
diestrum, pseudopregnancy, and at several in- 
tervals during pregnancy and lactation. 

Methods. Total cholesterol was determined 
by the method of Chamberlain® which con- 
sists essentially in saponification of the lipids 
in alkaline alcohol, extraction of the lipids 
with ether, and determination of the choles- 
terol directly on the washed ether-extract resi- 
due by the Liebermann-Burchard reacb'on. A 
Bausch and Lomb colorimeter was used for 
color comparison. This procedure gave re- 
sults which were comparable with those ob- 
tained by the digitonin precipitation method® 
both in recoveries of pure cholesterol from 
solution as well as from pooled ovarian tissue. 
For example, the average value of 3 determi- 
nations on an ovarian tissue sample yielded 
0.39 mg by the digitonin method as compared 
to 0.37 mg for aliquot samples using the 
Chamberlain method. , 

The stages of the reproductive cycle at 
which the ovaries were analyzed are given in 
the table. Pseudopregnancy was induced by 
electrical stimulation of the cervix. The 
ovaries were trimmed of extraneous tissue 
under the binocular dissecting microscope and 
weighed to the nearest 0.1 mg. 

Results. The cholesterol values are best 
compared on the basis of parts per thousand. 

It is noted in Table I that the highest levels 
were found on the 8th day of pseudopregnancy, 
10th day of pregnancy and the 10th day of 
lactation. The cholesterol in the ovaries on 
the ISth day of lactation, while not as high as 
obtained above, nevertheless was significantly 
higher than that found at diestrum (P value 
between .05 - .02). The highest levels of 
cholesterol were found only' at a time when it 

- Chamberlain, E., J. Physiol., 1929, 00, 249. 

S Kelsey, F. E., J. Biol. Chem., 1939, 127, 15. 
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TABLE I. 




Cholesterol in Eat 

Ovaries During the Eeproductive 

Cycle.* 









No. of fetuses 


Period 

No. of 

Eodr wt 

Ovarian wt 

Total cholesterol 

Cholesterol 

or suckling 


(days) 

rats 

S 

mg 

mg 

parts/1000 

young 





62.5 

.45 

7.3 


Control 

diestr. 

10 

223 

( 36.3- 94.S) 

(.30-.65) 

(5.0- 9.0) 

— 





60.9 

.64 

10.6 


Pregnancy 

10 

7 

223 

( 40.5- 66.9) 

(.53-.74) 

(8.6-13.1) 

7 




83.5 

.03 

7.6 



14 

9 

259 

( 73.5- 99.8) 

(.44-.79) 

(4.8- 9.S) 

9 





104.8 

.80 




IS 

5 

331 

(100.0-105.2) 

(.72-.93) 

(7.0- 9.3) 

12 





43.5 

.47 

11.0 


P.scudoprcg. 

8 

G 

218 

( 35.8- 53.8) 
67.1 

(.36-.5S) 

.49 

(7.7-13.7) 

7.3 

~ 

Dnetation 

1 

o 

004 

( 60.0- 77.2) 

(.4G-.51) 

(6.4:- S.o) 

9 





58.4 

.41 

7.2 



5 

6 

223 

( 41.4- 78.7) 

(.30-.51) 

(5.1- 9.7) 

s 





49.9 

.54 

11.4 



10 


220 

( 42.3- 58.2) 

(.36-.6S) 

(0.2-14.3) 

s 



0 

.44 

S.6 



15 

7 

245 

( 34.6- 71.3) 

(.30.52) 

(7.7- 9.7) 

8 


‘ All A-alues arc average, tlie range indicated by ( )• 


is possible to demonstrate placentomata in the 
uterus and thus when there must be large 
amounts of circulating progesterone.® It is 
possible to demonstrate placentomata in the 
uterus on the 15th day of lactation provided 
an adequate number of young are suckling (8 
or more). 

The total ovarian cholesterol was found to 
be highest on the 18th day of pregnane}' yet 
it is impossible to secure placentomata in the 

n Burrows, II., Biolopical Actions of Sex Bor- 
moiifs, Coinbridge Univ. Press, 1345, 413. 


non-pregnant horn of a unilateral pregnant 
rat at this time.® Since functional corpora 
lutea or progesterone in the rat are necessary 
for the maintenance of pregnancy, it seemed 
odd that the cholesterol content of the ovaries 
in parts per thousand did not remain high 
throughout pregnancy. This suggests further 
studies on the ovaries of pregnant rats. It 
cannot be stated conclusive!}' from these re- 
sults that cholesterol acts a precursor of pro- 
gesterone but in certain instances it appears 
that high ovarian cholesterol is associated with 
high levels of progesterone secretion. 
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Turnover of Serum Protein in Adrenalectomized Rats.* 


Herbert C. Stoerk/ Hedda ^I. John, and Herman N. Eisen.J 

/■'rnm llic neparlmcnt of Potholoffn, CoUcffC of Pht/sicions mid Siirpeoiis, Coiumiiia Universilv, 

Xcir \orl: Citi/. 


In previous experiments adrenal cortical 
activity was found to have no effect on the 

* Tlu‘ o.xpcnse of this study wa.s in p.art dc- 
fniyi'd Iiy the Bertrand Fund. 

f Now at Il.'irvard Medical School, Boston, 3Iass. 
J Now at New York t'niversity College of 
Mi'dicinc. N. Y. 


concentration of serum antibodies or on any 
other fraction of the serum proteins.^ This 
finding, however, did not preclude the pos- 

IVc wish to express our thanks to Dr. David 
Shemin for providing the tagged glycine used 
in these experiments and for determining the 
Nta values. 



26 


Seruji Protein in Adrenal Insufficiency 


ATOM PERCENT 
N'5 EXCESS 



DAYS AFTER GLYCINE FEEDING 

Fig. 1. 

The half lifetime of scrum proteins, estimated from the rate of decline of atom % 
excess, is the same in all 3 groups. 


sibility that the adrenal cortical hormones 
e.xerted a considerable influence on the turn- 
over of the serum proteins. It therefore seemed 
desirable to determine the rates of synthesis 
and degradation of the serum proteins ^ in 
adrenalectomized rats, particularly in view 
of the widely held belief that adrenal cortical 


activity influences protein catabolism. - 

Methods and materials. Xine adult male 

N., Jlaycr, X. Jf., lloore, P. II., 
Tarr, R. R., and Stoerk, H. C., Peoc. Soc. Exr. 
Biol, and Med., 1947, 05, 301. 

2 Long, C. N. H., Katzin, B., and Frr, E. G., 
Endocrinology, 1940, -O, 309. 
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TABLE I. 

Kate of Decline of Atom % N15 Excess in Total Scrum Proteins. 


Group 

Procedure 

Animal 

No. 

Days after conclusion of feeding isotopically- 
labelled glycine 

O 

4 

7 

10 

13 

18 

'I 

Adrenalectomy 

58 

— 

.162 

.093 

.059 

.038 

.018 


DCA 

Cl 

.345 

.155 

.091 

.052 

.030 

.013 



67 

.368 

.167 

.105 

.064 

.038 

.033 

II 

Adrenalectomy 

68 

.343 

.200 

.134 

.068 

.051 

.033 


DCA 

73 

.473 

.159 

.092 

.065 

.044 

.024 


ACE 

65 

.420 

.151 

.105 

.084 

.034 

.017 

III 

Controls 

74 

.399 

.142 

.107 

.072 

.049 

.033 



75 

.353 

— 

.083 

.065 

.038 

.031 



69 

.381 

.145 

.081 

.049 

.038 

.029 


albino rats of the Sherman strain, ranging in 
weight from 250 to 295 g were divided into 
3 groups. The animals of Group 1 were bi- 
laterally adrenalectomized under ether anaes- 
thesia and were maintained during the post- 
operative period on Rockland rat diet, sub- 
cutaneous injections of desoxycorticosterone 
acetate (DCA),5 0.4 mg on alternate days, 
and on drinking water containing Ifo sodium 
chloride. The animals of Group II were treated 
similarly. However, from the ninth post- 
operative day to the end of the experiment 
they received, in addition, daily injections of 
0.5 ml adrenal cortical lipoextract (ACE) .11 
Group III was composed of unoperated, un- 
injected control animals. 

From the tenth to the twelfth post-opera- 
tive days animals in all three groups were 
fed glycine tagged with heavy nitrogen. The 
isotopically labelled glycine was incorporated 
into the diet and administered so that each 
animal received 0.4 mg per gram body weight. 
Beginning 48 hours after the cessation of the 
glycine feeding, and repeated at intervals of 
from 2 to 10 days, 0.5 ml of blood was col- 
lected from a freshly cut surface of the tail 
and the total serum proteins were examined 
for their content of N'*"’ by methods previous- 
ly described-’. After 30 days the animals were 
exsanguinated and their blood analyzed for 

s' t'.fiu'roiisly jirovidcd In- Scliering Corpor.ntion, 
I’lduiufii'lil. X. .T. 

. I'li.inliii (.'omimiir, Kalaninzoo, Mich. 

a liittonhcrg, P., Koston, A. S., Itv.scburr, F., 
amt Schocnlicinicr, I?., .T. JRio!. Chrm., IPSo’ 127 
eni. ’ ’ 


total protein, albumin, globulin, and total non- 
protein nitrogen.ll 

Rcs7iUs. The animals of all 3 groups gained 
approximately 10^ in body weight. The 
serum total proteins, albumin, globulin, and 
non-protein nitrogen values determined at the 
end of the experiment (40th post-operative 
day) were the same in Group I and in Group 
II and were within normal limits. The heavy 
nitrogen contents of the serum proteins are 
given in Table I and in Figure 1. 

Discussion. Following the feeding of 
labelled glycine, the which had been in- 
corporated into the serum proteins was re- 
placed by at a rate which was identical 
for all 3 groups. These data indicate that 
the rate of synthesis of serum proteins is not 
affected by adrenalectomy or by the admin- 
istration of ACE to adrenalectomized rats. 
Since the total “pool” of serum proteins seems 
to have been approximately the same in the 
several groups, the rate of serum protein 
breakdown appears likewise to have been no 
different. These data do not exclude the pos- 
sibility that adrenal cortical activity exerts 
an influence on the turnover of tissue pro- 
teins. 

The half lifetime of serum proteins in the 
rat (1J< days) was found to be considerably 
briefer than the value (about 12 days) found 
in rabbits by Schoenheimer et al.^ Unless the 

u tVe wish to tliank Miss Genevive Corbett for 
these determinations. 

•I Schoenheimer, R., R.otncr. S.. Rittenberg, D., 
.and noidelbcrger. M.. .1. r.wh Chem., 1042. 14-t 
545. ’ 
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repeated bleedings exerted a more profound 
effect on rats than on rabbits, no explanation 
for this difference is apparent. 

Simmary. The turnover of serum protein 


in the rat is unaffected by adrenalectomy, or 
by the administration of adrenal cortical lipo- 
e.xtract (ACE) to adrenalectomized animals. 
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Increased Dental Caries Activity in the Syrian Hamster Following 

Desalivafion.* 

J. E. Gilda and P. H. Keyes.1 (Introduced by H. C. Hodge.) 

Froin the Division of Dental Research, School of Medicine and Dentisir;/, University of 

Soehester, Doehester, A”. T". 


The Syrian hamster {Cncetiis aiiratiis') has 
been used in the study of experimental 
dental caries and appears well suited for such 
investigation since the disease process in this 
animal appears similar to that described in 
humans.^ Furthermore, the administration of 
fluorine with a caries producing diet has been 
shown to reduce the caries incidence,- a find- 
ing which roughly parallels obseri'ations in 
man.® It appeared of some importance to de- 
termine whether removal of the major salivary 
glands would be accompanied by increased 
caries activity since it is well knoivn that re- 
moval, agenesis, or greatly reduced function 
of the salivary glands in humans is accom- 
panied by rampant decay .■‘-® Such a response 
might be expected since increased caries ac- 
tivity subsequent to salivary gland extirpa- 
tion has been observed in the albino rat.®'® 

* This work was supported, in part, by a grant 
from the Eastman Dental Dispensary of Kocli- 
ester, N. Y. 

t Now at the Harvard Scliool of Dental Alcdi- 
einc, Boston, Mass. 

1 Keyes, P. H., d. D. Fes., 194G, 25, 341. 

- Dale, P. P., Lazansfcy, J. P., and Keyes, P. 
II., J. D. Fes., 1944, 23, 445. 

a Deatherage, C. P., J- D. Fes., 1943, 22, 173. 

J Priiiz, H., D. Cosmos, 1932, 74, 129. 

5 Faber, M., Acta. Paediat., 1942, SO, 148. 

OKondo, S., Ichikawa, T., and Arai, M., Tr. 
Soc. path, jap., 1938, 28, 461. 

7 Hukusima, M., Tr. Soc. path, jap., 1940, 30, 
245. 

sClicync, V. D., Proc. Soc. E.xe. Biol, and 
Mei>., 1939, 42, 587. 


Experimental. The animals were of pure in- 
bred stock and were raised on Purina Rabbit 
Checkers , plus weekly supplements of fresh 
vegetables. They were kept in metal cages 
with wood shavings for bedding. When 42 
days old (s: 4 days), the animals were separ- 
ated into a control group (Group I) and an e.x- 
perimental group (Group II). A comparable 
supplementary group (Group la) was avail- 
able for additional comparisons. The ex- 
perimental animals were desalivated during 
a period of 2 weeks. The parotid, sub- 
maxillary, and major sublingual glands 
were removed, under ether anesthesia, 
through a single midline incision beginning 
about 5mm from the mandibular symphysis 
and extending to the manubrium. Control 
animals were not operated upon. One week 
after the last operation,^ an e.vperimental diet 
and tap water were provided ad libitum to 
Groups I and II. The diet consisted of whole 
wheat flour, 40%; whole powdered milk, 
30%; glucose, C.P., 20%; alfalfa, 5% brew- 
ers yeast, 4%; and sodium chloride, 1%. The 
supplementary control animals (Group la), 
which were used for another study, were of 
the same age but had been started on the diet 
25 days previously. 

.Animals were weighed at weekly intervals. 

0 Weisberger, D., Nelson, C. T., .oml Boyle, P, 

E., Am. ,T. Orthodontics and Oral Surp., 1940, 

20 , 88 . 

{ Four animals f.niled (o survive tlie operafioii 
:in<l, consequently, Imvo not been included in tlio 
d.uta. 
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I’ig- 1- 

AveraRc weight curves for the 3 groups. Arrows indicate tlic time at wliicli the experi- 
mental diet was begun. 


Group I and II animals were sacrificed over a 
6 day period starting 73 days after the ex- 
perimental diet had begun. .An autopsy was 
done on each of these animals. Male animals 
in the supplementary group were killed after 
93 da 3 's on the diet and female animals after 
111 days. Heads were preserved in 10% for- 
maldehyde, stripped of soft tissue, and 
scored;^® the number of carious teeth (M. 
A.), the number of cavities (C. N.), and the 
total score (T. S.) were recorded. Total score 
(T. S.) is an arbitrary figure which represents 
the amount of tooth structure destrov^ed. All 
teeth were scored by the same investigator. 
Data independently obtained for Group la 
animals bj’’ the co-author were in excellent 
agreement. 

Differences among the means o' average 
M. A., average C. N., and average T. S. for 
each of the groups compared were analyzed by 
the Student-t method.” Comparison was 
made between Group la o o and $ 9 ; Group 
la and 15 5; Group la and 199; Group I 
and II 5 5 : and Group I and II 9 9 . An 
arbitrary level of significance of p = .01 was 
chosen; all results less than this value were 

lOKoycs, P. H., J. D. Vcn.. Jri44, 23, 43 P. 

HFislicr, K. A., SiaiisUcal .Vfdiods for Pf- 
seiirrh IVorl-rrs. 7fli Eil., 1P3S, Clmpt. .1. 


considered significant. 

Differences among the groups were further 
compared by the calculation of “percentage 
of molars affected” and “average percentage 
of tooth destroyed” for each of the several 
types of molars. This method of calculation 
is illustrated beneath Table III. 

Results. .Average weight curv'es for the 3 
groups are presented in Fig. 1. Desalivated 
animals lost weight following the operation 
and remained lighter than those of the con- 
trol groups. Desalivated females were es- 
pecially uniform in their weight response. 
Control animals were sleek, fat, and healthy 
in appearance. The experimental animals 
were noticeabh' emaciated, were more active, 
and showed at autopsv’, a pronounced reduc- 
tion in depot fat. 

Inspection of the mouths prior to ad- 
ministration of the experimental diet dis- 
closed a generalized dryness of the oral 
tissues in the case of the operated animals 
whereas the mucous membranes of Group I 
animals were bathed b\' copious amounts of 
salivarj- secretion. 

Caries scores and statistical findings are 
presented in Tables I and II. Control groups. 
Despite the fact that Group la males had 
been maintained on the experimental diet 
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TABLE I. 

Effect of Desalivation on Caries Activity. 


Female 


Group 

Animal 

No. 

M.nx. -t- jraiul. 
scores 

M.A. C.N. T.S. 

Animal 

No. 

> 

M.i.v. -f- M.and. 
scores 

M.A. O.N. T.S. 

Ruppl. control 

27 

9 

11 

18 

42 

1 

1 

1 

Vx 


82 

9 

10 

31 

12 

3 

3 

1 


90 

5 

5 

34 

15 

6 

8 

5 


69 

10 

12 

59 

57 

5 

6 

7 


89 

12 

14 

77 

34 

0 

6 

8 

• 

32 

11 

11 

104 

75 

6 

6 

9Vs 


104 

12 

14 

107 

98 

6 

7 

15 


51 

12 

14 

132 

122 

8 

9 

29 






50 

9 

11 

04 

Avg 


10 

11 

70 


6 

6 

16 

Control 

1231 

5 

5 

2Vi 

713 

1 

1 

V- 


1122 

6 

C 

11 

46 

4 

5 

2 


124 

12 

12 

73 

100 

8 

8 

13 


13 

11 

15 

in 

881 

4 

4 

13 






035 

7 

8 

29 

Avg 


9 

10 

49 


5 

5 

12 

E.vpcrhm'ii till 

122X1 

11 

15 

72 

683 

12 

12 

208 


1132 

12 

14 

160 

X 

12 

13 

239 


92 

12 

IS 

221 

931 

12 

12 

257 






646 

12 

12 

278 

Avg 


12 

15 

153 


12 

12 

246 


jM.A. = Molars affected. 

O.N. = Cavity number. 

T.S. == Total score. 

Total scores of 138 and 144 indicate complete destruction of maxillary and mandibular 
molar teeth, respeetivelj'. 

Animals indicated by same superscript are litter mates. 

for 18 days less than the females, the average decay, females e.\perience a greater amount of 
M. A., C. N., and T. S. were higher for male tooth destruction subsequent to desalivation, 
animals than for female. This difference was Considerable variation was observed among 
statistically significant. Differences between individual molar ty^pes with respect to per- 
Groups la and I were not significant. Ex- centage of teeth decayed and average percent- 
■pcrimental group. The incidence of dental age of tooth destroyed (Table III). How- 
caries in both male and female animals ivas ever, in every case but one ( $ , Group II, 
increased by desalivation. .Average values for mand. 3rd molars) both measures of caries 
M. A., C. N., and T. S. are in every case activity were greater for the desalivated 
higher for desalivated animals than for con- group than for either control group. Every 
trols. Differences among the male hamsters tooth of the experimental animals with one 
(Groups I and II) were not statistically sig- exception (as cited above) showed evidence 
nificant; differences among famales of the of dental caries, while in several instances 
same groups were highly significant. Several complete or almost complete destruction of 
factors may have obscured statistical differ- all crowns was recorded, e. g. 9, Group II, 
ences among the male animals; (I) high caries max. molars. 

incidence among unoperated animals, (2) Discussion. Under the conditions of this 
greater variability of response in the male and experiment, desalivation of hamsters was fol- 
(3) the small number of animals employed, lowed by a definite reduction in body weight 
It is interesting to note that although male especially in the female animals. Decreased 
animals ordinarily accumulate more dental food consumption may have contributed to this 



Dental Caries in Desalivated Hamsters 


31 


TABLE II. 

Statistical Evaluation of Caries Scores. 


Comparison 



Avg 

t 

V 

Group la 3 3 vs. $ $ 



M.A. 

3.80 

.002 




c.y. 

3.50 

.004 




T.S. 

3.40 

.004 

3 3 ” ” vs. Group I 



M.A. 

0.77 

.45 




c.y. 

0.73 

.50 




T.S. 

0.70 

.50 

g $ ” y> vs. M I 



M.A. 

0.55 

.GO 




c.y. 

0.G7 

.50 




T.S. 

0.46 

.65 

3 3 ” I vs. ” II 



M.A. 

1.73 

.14 




c.y. 

2.10 

.09 




T.S. 

2.05 

.10 

g g ” I vs. ” II 



M.A. 

5.90 

,OOOG 




G.y. 

5.27 

.001 




T.S. 

14.9 

<.0002 

111 I Din 


ulierc 

nij and mo = 

means compared ' 



and ”^mo — unbiased estimate of tlie stand- 

\j mj ‘ mo 



ard 

deviation of 

tlie means 




tr = unbiased estimate 

of standard 




deviation 


VN 



y = No. 

of animals 


+ yo — 2) = Dcgroe.s of freedom in t 






TABLE III. 




Caries Incidence as Found in Individual Molars. 


Group la 

Group I 

Group II 

(.Suppl. control) 

(Control) 

(Experimental) 


Avg y/r of 


Avg % of 


Avg % of 

Molar ‘Tf molars 

tootli 

% molars 

tooth 

molars 

tooth 

teetli affected 

(Iccnycd 

affected 

decayed 

nflectcd 

decayed 

Female 






a; 1st CO. 

i.fi 

40. 

0.5G 

100. 

97. 

5 "nd 40. 

3.0 

50. 

8.4 

100. 

100. 

3rd 30. 

^ 2 

00. 

0.0 

100. 

100. 

S; 1 70. 

7.0 

80. 

2.3 

100. 

93. 

5 2 no. 

17. 

GO. . 

12. 

100. 

90. 

■=' 3 30. 

1.3 

10. 

0.10 

100. 

55. 

Male 






t-- 1 00. 

7.8 

SO. 

2.0 

100. 

53. 

?. 2 70. 

21. 

40. 

13. 

100. 

61. 

3 SO. 

2S. 

SO. 

14. 

100. 

54. 

1 on. 

40. 

, 00 . 

1C. 

100. 

6S. 

5 2 00. 

34. 

100. 

40. 

100. 

75. 

3 SO. 

21. 

.50. 

15. 

SO. 

13. 

Sample calculation (Maxillary 1st molar. Group la, female) : 


rorccntagc of molars alTeclod = 
yp. of carious mar. 1st molar.s X 100 = 11 x 100 = GO.^i 
Total Xo. of ma.v. 1st molars IS 


Avg percentage of tootli dost roved = 

Sum of total s cores of all carious mas. l.st molars X 100 = 7.7, I x 100 = l.(ir7 
.Sum of nvnilalde total scores of all mas, 1st molars iSG 
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effect for several measurements on group food 
intakes revealed a consistent reduction in the 
desalivated group. The effect of the operation, 
per se, cannot be stated since a sham operation 
was not performed on either of the control 
groups. Weight loss following operation has 
been observed in the rat.^" Reports on the 
subsequent changes in weight after recoverj'^ 
of rats from comparable operations are not in 
agreement. Hukusima' found a reduction in 
body weight; data presented by Cheyne** 
showed an appreciable reduction in S of the 
8 groups studied although the animals re- 
mained in good health. Weisberger et ah'* 
reported no apparent ill effects on subsequent 
growth and development. 

The higher incidence of decay observed in 
male hamsters (Group la) is in agreement with 
previous reports.*'^®'^® 

Since Group la was on the experimental re- 
gimen for appreciably longer periods of time 
than Group I, a higher incidence of decay 
would be expected in the former. This proved 
to be true although the differences were not 
large and were not shown to be significant. 
This finding tended to increase the number of 
control observations and strengthened the 
argument that changes observed in desalivated 
animals could not be e.xplained on the basis 
of normal variation. 

The increased caries incidence following sal- 
ivary gland extirpation in the hamster con- 
forms with observations made in the rat and 
in man. It is difficult to compare the re- 
sponse of the rat and hamster because of 
variable e.xperimental conditions and dis- 
similar scoring technics. In the rat, there 
is a rise in number of animals®'* and 
number of teeth* affected as well as an in- 
crease in the number of carious lesions.® With 
the hamster, large differences are noted only 
in the amount of tooth destruction, especially 
in the female. The rapidity of the carious 

“nTchcyn^ V. D., Thesis, Univ. of Rochester, 

1 940, pp. 44, 143, 158, 223, 228. 

isAnioia, P. A., Jr., Pith. Bcalth Pep., 1942, 
57, 1599. 

i-tD.nle, P. P., .'inil Keyes, P. H., J. V. Pcs., 
1945, 34, 194. 

in OrL-ind, F. J., J. P- Ses., 1946, 35, 44a. 

i« Keves, P. H., J. P. Pcs., 1940, 35, 469. 


process may have obscured an increase in 
number of cavities formed. 

The mechanism of increased caries act- 
ivity cannot be explained by the present find- 
ings. Two possibilities suggest themselves: 
alteration in systemic factors and/or altera- 
tion in local factors. The latter e.vpianation 
is probably more correct. Interference with 
salivary flow (as observed) would reduce the 
normal cleansing action of the saliva. In ad- 
dition, it is not unlikely that the saliva of 
these rodents contains antibacterial agents 
and other compounds similar to those observed 
in human saliva, which are known to inhibit 
the growth^’ or oppose the action of oral 
bacteria.^®'^® 

Summary and conclusions. 1. Seven ham- 
sters (3^^, 4 5 9) were desalivated and 
compared with a control group (45 S, 59 9) 
and a supplementary control group (8 5 5, 
9 9 5). It has been found that the animal 
can be desalivated easily and that it will 
usually survive operations. 

2. Under the experimental conditions, ex- 
tirpation of the glands resulted in a sharp 
reduction in body weight. Subsequently, body 
weight remained below that of the control 
groups. 

3. Dental caries activity following operation 
was increased in both male and female ham- 
sters although the difference was not shown to 
be statistically significant in the case of male 
animals. It is probable that a comparable 
response does occur in males but that a larger 
group of animals would be necessary for an 
unequivocal demonstration. Response follow- 
ing desalivation was similar to that reported 
previously for albino rats and humans. 

4. Unoperated male animals experienced 
more dental decay than did unoperated female 
animals. 

The autliors .are indebted to Dr. .Tamos A. 
JtaBerty, Dep.artincnt of P.atliology, for statis- 
tical ev.oluntion of the data and to Dr. Harold 
C. Hodge, Department of Pharmacology and 
Toxicology, for lielpful criticism. 

irBibby, B. G., Hinc, M. K., and Clough, O, 
IV., J. A. P. A., 193S, 35, 1290. 

IS Stephan, B. iM., Science, 1940, 02, 578. 
l» Ivesel, B. G., O ’Donnell, J. T., Kirch, E. B., 
and IVach, B. C., A. A. P. A., 19iG, 33, CPo. 
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Observations on the Conversion of Prothrombin to Thrombin. 

FiutuK D. Masgaret Hurn, and Thomas B. Magath. 

From ihe Division of Clinical laboratories, ICayo Clinic, Sochester, Minn. 


Evidence from several sources has indicated 
that the rate of formation of thrombin in 
plasma upon the addition of a given throm- 
boplastin is affected by some factor besides 
the concentration of the prothrombin itself, 
Seegers, Loomis and Vandenbelt*- found that 
thrombin was formed more slowly from very 
highly purified prothrombin than from pro- 
thrombin naturally contained in plasma. In 
studies of patients who had cirrhosis- or per- 
nicious anemia,® of newborn infants'* and of 
normal dogs and rabbits,® the concentration 
of prothrombin in the plasma has been re- 
ported to be less when determined by the 2- 
stage procedure of Warner, Brinkhous and 
Smith® than by the one-stage method of 
Quick.® In Quick’s method the time re- 
quired for conversion of prothrombin to 
thrombin constitutes part of the observed clot- 
ting time. These differences are attributed 
by the originators of the 2-stage method to 
an increased rate of conversion of prothrom- 
bin in the one-stage technic. On the other 
hand Quick® thought the differences were 
due to incomplete conversion of prothrombin 
in the high dilution required by the 2-stage 
method. However, when the plasma of pa- 
tients treated with dicumaroF or normal 
plasma after storage* are studied by both 
methods the 2-stage procedure gives the high- 
er values. Quick® has presented evidence that 

1 Scegers, 'W., Loomis, E., and Tandcnbelt, J., 
Arch. Biochem., 1945, <5, S5. 

- Ziltrcn, S., Owon, C., tVarncr, E., and Eetcr- 
son, E"., SuT 0 ., Gynec. and 06st., 1942, 74, 4G3. 

3 Warner, E., and Owen, C., Am. J. 31 Sc., 1942, 
SOS, 1S7. 

■4 Owen, 0., Hoffman, G., Ziffren, S., and Smilli, 
11, Pnoc. Soc. Exp. Bton. .vxi) 3 Ied., 1939, 41, 
ISl. 

•I Warner, E., Brinklions, K., and Smith, 11., 
-Im. .T. Bhysiol., 1939, 125, 290. 

c Quick, A., The Hemorrhagic Diseases and the 
Physiology of Hemostasis, Springfield, III., 
Ciinrlos C Thomas. 1942, pp. 3G and 40. 


the increase in prothrombin time of plasma 
after storage is due to the disappearance of 
a substance termed “prothrombin A” which 
remains in fresh plasma depleted of pro- 
thrombin by treatment of patients or ani- 
mals with dicumarol or addition of aluminum 
hydroxide to the plasma. Fantl and Nance®® 
also found that plasma freed of prothrombin 
by treatment with barium carbonate still con- 
tained a substance which accelerated the con- 
version of prothrombin to thrombin. Be- 
cause in blood coagulation the rate of throm- 
bin formation is more important than the 
total amount of available prothrombin, such 
a factor or factors affecting conversion ap- 
pear to deserve further study. 

Method. The prothrombin time of fresh or 
stored (one to 2 months) human plasma was 
determined by Quicks method as previously 
described,®® e.xcept that just before addition 
of thromboplastin, 0.1 ml of a 0.9^ solution 
of sodium chloride, or whatever material was 
being tested for action on the conversion rate, 
was added. Thus, the volume of the clotting 
system was increased from 0.3 to 0.4 ml. 

Standard thromboplastin was prepared by 
Quick's original method. With this prepara- 
tion, normal plasma has a prothrombin time 
of from 17 to 19 seconds. Fresh tissue throm- 
boplastin was made by macerating fresh or 
frozen rabbit brain with twice its weight of 
ice-cold normal saline solution. A commer- 
cial preparation of acetone-dehydrated rabbit 
brain'*’ was used. Thromboplastin was pre- 
pared from human placenta by the method 

■* llurn, M., Barker, X., and Mann, F., Am. J. 
Clin. Path., 1947, 17, 712. 

s Lord, J., and Pastorc, J., J. A. M. A., 1939, 
113, 2231. 

9 Quick, A., Am. J. Physiol, 1943, 140, 212. 

10 F.antl. P., and X.ance, M., Xalurc, 194C, 158, 
70S. 

11 Hum, M., Barker, X., and 3Iagat!i, T., J, 
Lah. and Clin. Med., 1945, 30, 432. 
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of Zondek and Finkelstein.^- 

The materials tested for prothrombin-con- 
verting activity were plasma and serum from 
human beings and crude platelet extract. The 
platelet extract was prepared as follows. Oxa- 
lated plasma was separated from the cells by 
gentle centrifugation; then the suspension of 
platelets thus obtained was centrifuged for 
30 minutes at 3,000 revolutions per minute. 
The plasma was carefully drained from the 
tubes, after which the sticky pellet of sedi- 
ment was removed with a stirring rod. The 
sediment, which thus contained a minimal 
amount of plasma, was triturated in a mortar 
with 0.9% solution of sodium chloride con- 
taining 0.001 molar sodium o.xalate. One 
milliliter of this fluid was used for the amount 
of sediment obtained from 16 ml of plasma. 
Serum was used only after it had stood 3 to 4 
hours at room temperature to allow for de- 
struction of thrombin. Neither the platelet 
e-xtracts nor the serum used caused clotting 
when mixed with oxalated plasma. The 
plasma tested was drawn and o.xalated as for 
a prothrombin determination or in some ex- 
periments the silicone technic of Jaques and 
his associates^® was used. When the silicone 
technic was used all pipets and tubes used in 
handling the plasma throughout the procedure 
were coated with silicone. 

Results. Fresh plasma, serum and platelet 
extracts were all found to reduce the pro- 
thrombin time of stored plasma markedly 
(Tables I, II and III). The fresh plasma was 
so highly diluted that little of the effect could 
be attributed to its content of prothrombin; 
the same was true of platelet extract. Platelet 
extract showed considerably more prothrom- 
bin-converting activity than did serum or 
plasma. When the thromboplastin of rabbit 
brain was replaced with normal saline solution 
the clotting time was greatly prolonged, show- 
ing that the platelet extract potentiated the 
action of the tissue thromboplastin. Platelet 

* Obt.^jned from t!ie Difco L.iBoratorics, Inc., 
Dofcroif, Alich. 

12 Zondek, Bend'mrd, and Finkelstein, Sticliael, 
Pboc. Soc. Exp. Biol. ant> Hed., 1945, 00, 374. 

13 Jaques, L., Eidl.ar, E., Fcldsted, E,, and Mae- 
don.ild, A., CnnnJ. it. A. J., 1946, 55, 26. 


TABLE I. 

Effect on fStored Ptnsina iritli .Standard Tlirom- 
boiilastin of Plasma and Serum Drawn from Same 


Subject at 

the Same 

Time. 

JIateri.al added 


Clotting time, 

to plasma Dilution 

sec 

Saline 


82 

Plasma 

1:10 

36 


1:20 

41 


1:40 

49 


1:80 

57 

Serum* 

1:10 

31 


1:20 

37 


1:40 

43 


1:80 

57 


*■' Undiluted serum usually restored tlio clotting 
time to tlie normal value of 18 seconds. 


TABLE II. 

Potentiation of Standard Tliromboplastiu ndtli 
Platelet Extract. 


Plasma 

Material added 

Thrombo- 

plastin 

Clotting 

time, 

sec 

Stored 

Saline 

Standard 

90 


Platelet extract 

1 j 

13 


n 

None 

80 


Plasma from which 




e.xtr. made dil. 1:5 

Standard 

28 

Fresh 

Saline 

.• f 

18 


Platelet extr. 

i i 

13 


ji >> 

None 

47 


Saline 

Standard 




dil. 1:50 

39 


Platelet extr. 

Standard 




dil. 1:50 

23 


TABLE III. _ . 

Potentiation of Fresh Tissue Thromboplastin with 
Platelet Extract. 


Plasma Material added 

Clotting 

Thrombo- time, 
plasfin sec 

stored Saline 

Fresh tissue 

52 

Platelet extr. 

77 77 

15 

tt It 

Xono 

45 

Fresh Saline 

Fresh tissue 

20 

Platelet extr. 

1 1 It 

16 

7} / 7 

None 

56 

Saline 

Fresh tissue, 



dil. 1:50 

32 

Platelet e.xtr. 

Fresh tissue. 



dil. 1:50 

23 


extract was observed to potentiate the action 
of thromboplastin from dried rabbit brain, 
fresh rabbit brain, acetone-dehydrated rab- 
bit brain and human placenta on stored 
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TABLE XV. 

Effect of Plasma Drami from Same Subject by 
Various Teclinics. Standard Tliromboplastin. 
Stored Plasma. 


Material added 

Dilution 

Clotting time, 
see 

Saline 


145 

O.xalated plasma 

1:10 

30 

Oxalated plasma (silicone 

1:40 

49 

tcclmic) 

1:10 

31 

Native plasma* (silicone 

1:40 

4G 

technic) 

1:10 

23 


1:40 

36 


* Tested ■ss-ithin 5 minutes after blood dravra; 
blood clotted in original tube after 30 minute*. 


plasma. A similar, but less striking, poten- 
tiation between platelet extract and tissue 
thromboplastin was observed when fresh 
plasma was used. Thus although the pro- 
thrombin-converting activity of fresh plasma 
is rather great it is still not maximal, espe- 
cially if dilute thromboplastin is used. How- 
ever, since the e.\’tracts represent 16 times 
their volume of plasma, it would seem reason- 
able that the activity of the plasma might 
not be less than that of its platelets Plasma 
had the same converting activity when drawn 
and handled with silicone technic as when ex- 
posed to glass (Table IV). Thus it seems un- 
likel.v that this activity is a product of pro- 
cesses incident to the drawing of blood. Na- 
tive plasma drawn ivith silicone technic ap- 
pears to have more prothrombin-converting 
activity than the same plasma after decalcifi- 
cation. .As a rule, all materials tested lost 
about 90% of their prothrombin-converting 


activity on standing 24 hours in the icebox. 
By heating at 56 °C for 30 minutes, most of 
this activity was destroyed. 

Comment. No specific term will be applied 
at present to the substance which potentiates 
the conversion of prothrombin to thrombin by 
tissue thromboplastin. This material ap- 
pears to be the same as Quick’s prothrombin 
A but it is not converted into thrombin since 
it remains in the serum. By definition, the 
conversion-favoring substance might reason- 
ably be regarded as part of the thromboplas- 
tin complex. Quick*^ has justly emphasized 
the fact that if any appreciable amount of 
active thromboplastin were present in the cir- 
culation the blood would not be fluid. This 
material does appear to exist in the circula- 
tion and presumably cannot alone bring about 
formation of thrombin. The prothrombin- 
converting activity of the plasma, however, 
may well be a determining factor when the 
blood is exposed to a minimal amount of tis- 
sue thromboplastin, as it probably often is in 
cases of thrombosis. 

Summary. Fresh plasma, serum and plate- 
let extracts contain a material which po- 
tentiates the action of tissue thromboplastin 
on stored plasma. Platelet extract apparent- 
ly contains a greater degree of this activity 
than plasma or serum and potentiates the ac- 
tion of tissue thromboplastin on fresh plasma. 
This factor favoring prothrombin conversion 
apparently is present in the circulating blood. 

Quick, A., The Hemorrhagic Diseases and ihe 
Physioiogv of Uemostasis, Springfield, 11]., 
Charles C Tliom.as, 19-12, p. 70. 
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Chick Growth Factor in Cow Manure. VI. Effect on Hatchability and 

Storage in Hens. 

Max Rubin, A. C. Groschke, and H. R. Bird. (Introduced by T. C. Byerly.) 
From the Bureau of .Aiiimal Industry, Agricultural Research Center, Bellsvilte, Md. 


Whitson et al} showed that as the level of 
soybean oil meal in the diet of hens increased 
from 0 to 40% in increments of 10%, the 
hatchability of fertile eggs decreased in spite 
of apparently adequate quantities of the die- 
tary factors known to affect hatchability. 
There was no other adverse effect. Whitson 
ct al? also showed that there was considerable 
improvement in hatchability when 8% of 
dried cow manure was included in a diet con- 
taining 30% soybean oil meal. Shortly there- 
after, Bird et al? reported that the inclusion 
of 6% cow (or steer) manure, 10% sardine 
meal, or 10% dried skimmilk in this diet 
corrected the detrimental effect on hatch- 
ability. 

Rubin and Bird^ prepared concentrates of 
a factor found in cow manure, which greatly 
stimulated the growth of chickens fed a diet 
containing 35 percent of soybean oil meal but 
no animal protein. It seemed likely that both 
growth and hatchability were influenced by 
the same unknown dietary factor in cow 
manure. To obtain further evidence on this 
point one of the concentrates which stimu- 
lated growth was tested for its effect on 
hatchability, and the results are reported 
herewith. 

The hens used in part A of this e.\-periment 
were Rhode Island Reds that were 10 months 
old when the e.\periment commenced. As 
chicks, they were fed diets which contained 
2.5 to 4% of fish meal and they had access 
to grass range until they were 5 months old. 
During the latter half of the pre-esperimental 

1 Whitson, D., Titus, H. W., and Bird, H. B., 
Poulin/ Set., 1940, 25, 52. 

2 Whitson, V., Titus, H. W., and Bird, H. K., 
Poultry Set., 1940, 2o, 143. 

3 Bird, H. B., Eubin, 31., Wiiitson, D-, and 
Haynes, S. K., Poultnj Sci., 1940, 25, 2S5. 

^Bubin, ar., and Bird, H. B., d. Biol. Chan., 
1940, ICS, 393. 


TABLE I. 
Experimental Diets. 


Ingredients 

Diet 311 
% 

Diet 312 
% 

Yellow corn 

57.0 

78.3 

•Alfalfa leaf meal 

5.0 

5.0 

Soybean oil meal 

30.0 


Sardine fisb-meal 


10.0 

Steamed bone meal 

4.2 

3.2 

Limestone 

2.3 

2.0 

Butyl fermentation solubles 



(250 it/r nboffarin per g) 

0.5 

0.5 

Salt (94% NaCl; 6% MnSO^) 

0.5 

0.5 

Iodized salt 

0.2 

0.2 

Vit. A and D feeding oil 

0.3 

0.3 


period they were fed diet 311 (Table I). 

The 16 hens used in the e.\periment were 
selected because of their low hatchability 
records and were divided on the basis of these 
records into 2 comparable groups of 8 birds 
each. Their average hatchability from the 
start of egg production to 10 months of age 
was 54%. This ranged between 34 and 67% 
for individual hens. The object of the care- 
ful selection was to minimize the number of 
birds and hence the quantity of concentrate 
used. The hens were kept in a laying bat- 
tery in an air-conditioned room for the dura- 
tion of the experiment. Fertile eggs .'^or hatch- 
ability studies were obtained by artificial in- 
semination with semen from Barred Plymouth 
Rock males. 

Both groups were fed diet 311 except that 
the diet of one of the groups was supple- 
mented with 0.1% of the acid insoluble frac- 
tion of an extract of cow manure (Rubin and 
Bird^). This supplement was known to pro- 
duce optimum growth in chicks when fed as 
0.05% of an all-plant-protein diet containing 
35% of soybean oil meal. The experiment 
was started March 6 and terminated Novem- 
ber 12, 1946. After the groups had been 
on their respective diets for 6 weeks, the diets 
were reversed. This dietary regimen was 
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DATE SET 
Fw. 1. 

Effect upon hatchability of supplementing basal diet 311 vrith 0.1% of the acid precipitate 
of the vratcr extract of covr manure. 


continued until the seventeenth week of the 
e-xperiment. At this time and until the ter- 
mination of the experiment, all the hens were 
fed diet 311. The dietary changes and the 
hatchabilitj' data are illustrated in Fig. 1. 

The concentrate prepared from cow manure 
brought about a rapid increase in the per- 
centage of hatchable eggs, (Fig. 1), while the 
hens on the unsupplemented diet continued at 
a low level of hatchability. "When these hens 
received the concentrate after the initial 6 
weeks’ period, their percentage of hatchable 
eggs also increased to a high level. The data 
in Fig. 1 show that when the supplement 
was removed from the diet, enough of the 
hatchability factor had been stored by the 
hens to enable them to maintain hatchability 
at a high le%-el for 15 to 16 weeks. The e.x- 
periment was terminated before the hens in 
the second group, which had received the 
concentrate for 11 weeks, had enough time 
to c-xhaust their store of the hatchability fac- 
tor, even though they were fed the diet* with- 
out the supplement for 16 weeks. 


The hens used in part B were crossbreds 
(Rhode Island Red X Barred Phmiouth 
Rock). During the growing period they had 
been fed a mash which contained 2 to 3% 
of fish meal and which supported rapid 
growth. They had access to grass range dur- 
ing the first 5 months of life. For the follow- 
ing 21 months, until June 4, 1946, they 
were fed diet 312 (Table I). 

On June 4, 45 of these hens were changed 
to diet 311. The}' were housed in 2 colony 
laying houses with New Hampshire males 
and all eggs with good shells were incubated 
to determine hatchability. The experiment 
was terminated August 27, 1946. 

During the 5 month period when the hens 
were fed diet 312 containing fish meal, the 
average hatchability was 82% of fertile eggs 
set. Hatchability during the 3 months period 
in which the hens were fed diet 311 was aRo 
82% (Fig. 2). 

Bird ct al.'’ found that pullets had no 

= Bird, n. E., Rubin, M., and Grosebko, A. C., 
J. XtiMHon, 1947, 33, 310. 
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measurable stores of the hatchability stimu- 
lating factor at the time they began to lay. 
The pullets were of the same breeding as 
the hens in Part B of this e.xperiment and 
like them had received a diet containing 2 to 
3% of fish meal during the growing period. 
In this experiment hens fed 10% of fish meal 
or 0.1 percent of the concentrate from cow 
manure stored considerable quantities of the 
factor. Differences in the quantity of intake 
may account for the different results, or it 
may be that the mature bird has greater stor- 
age capabilities than the growing bird. 

Summary. An acid precipitate of a water 


extract of cow manure which was highly 
potent as a source of the chick growth fac- 
tor was shown to possess a high potency of 
the hatchability factor required by hens fed 
an all-plant-protein diet. This result is in ac- 
cord with the view' that the same dietary fac- 
tor influences both growth and hatchability. 

Hens that obtained the hatchability factor 
from the above mentioned concentrate or 
from fish meal, stored sufficient quantities of 
the factor, so that high hatchability was main- 
tained for at least 12 to 15 weeks even when 
a deficient diet was fed. 
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A Simplified Method for the Quantitative Determinations on Free 
Pregnanediol Excretion in Pregnancy. 

M. Edward DA\as and Nicholas W. Fugo, 

From the Department of Obstetrics and Gynecology and the Department of Fharmacology, 
The University of Chicago and The Chicago Lying-in Bospital* 


Venning and Browne^ described a method for 
the isolation of sodium pregnanediol glucuron- 
idate in the urine and theorized that this 
chemical substance represented the end-prod- 
uct in the metabolism of progesterone. 
Further studies confirmed the relationship of 
pregnanediol excretion to the luteal phase of 
the ovarian cycle and to normal pregnancy. 
Furthermore, a correlation between the ad- 
ministration of progesterone and the excre- 
tion of pregnanediol has been established 
although in the non-pregnant individual only 
a small fraction of progesterone administered 
can be recovered as sodium pregnanediol glu- 
curonidate. 

The gravimetric method of Venning for 
the quantitative estimation of pregnanediol is 
long and tedious and it has the disadvantage 
that a number of factors other than progester- 
one influence the excretion of glucuronidale. 
•Astwood and Jones* described a method for 
the determination of free pregnanediol utiliz- 
ing the hydrolysis of glucuronidate. Talbot cl 
al:' made use of the color reaction produced 
by pure sulphuric acid to provide a colori- 
metric method for the quantitative determina- 
tion of pregnanediol. Guterman'* modified 
the Astwood- Jones method to provide for the 
more rapid qualitative determination of preg- 
nanediol and made it more applicable to clin- 
ical use. 

* This work lins hcen tionc under a gmnf from 
tlic Douglas Smith Foundation for Mcdic.al Kc- 
search of the University of Cliieago. 

1 Yenning, E. II., .T, hiol. Chem., 1037, 119, 473. 

e Astwood, E. B., and Jonc.s, G. E. S., J. DM. 
Chem., 3041, 1«7, 307. 

STalhot, X. D., Berman. R. A., Macl>aclilan, 
E. A., and Wolfe, .T. K., J. Clin. Lndocrinol., 1941, 
1, GGS. 

•‘Gntcrman. 11. S., J. Clin. Endocrinol., 1945, 
r,, 407. 


The quantitative method described here 
has the advantage of simplicity^ thereby 
making it possible to follow patients over long- 
periods of time by serial determinations per-’ 
mitting the study of the complications of’ 
pregnancy and the evaluation of their therapy. 
The determination of free pregnanediol rather 
than the conjugated sodium pregnanediol glu- 
curonidate avoids the danger of loss incurred 
during the urine collection period. Further- 
more, other substances than pregnanediol are 
found in the urine as glucuronidates inter- 
fering with the accuracy of the determina- 
tions. 

During the past year we have carried out 
over 1500 determinations of pregnanediol in 
the urine in about 100 patients. Some 
of these women had normal pregnancies and 
serial determinations were made throughout 
their pregnancies and for a week following 
their deliveries. These women served as 
normal controls to evaluate the method and 
to establish basic curves of pregnanediol ex- 
cretion. The majority of the women had 
pregnancy complications in whom it was 
desired to follow the pregnanediol excretion 
in order to determine any variations from the 
normal cutA’es in an attempt to establish the 
role of progesterone metabolism in these com- 
plications. In many of these patients daily 
determinations were possible but in the 
majority the collections of urine were made 2 
and 3 times a week. All of the determinations 
have been made in duplicate to decrease the 
likelihood of error in the method. 

Method. The women studied for the most 
part were out-patients who visited this clinic. 
They were given standard containers for 
urine collection and -were carefully' instructed 
to insure complete 24 hour sampl^. The first 
tnornvng specimen on the day of collection -n-as 
discarded and all urine throughout the day and 
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including the first morning specimen the next 
day were pooled. 

The completed collection was brought to the 
laboratory the same morning and the de- 
termination started immediately. All exam- 
inations were made the same day they were 
received. No preservatives were used. In 
some cases patients were brought into the 
•hospital and urine collections made largely by 
the patients themselves. It has been our ex- 
perience that much more accurate 24 hour 
samples were made by cooperative patients 
than when collections were left to an already 
overamrked nursing staff. Patients were care- 
fully instructed to report any loss of part of 
the collections. Samples which for some reason 
were not complete were discarded. Determina- 
tions were made at weekly, biweekly and in 
some of the more interesting cases, daily inter- 
vals. 

The chemical procedure employed is es- 
sentialy that of Astwood and Jones- as modi- 
fied by Guterman.'* We have in addition made 
a few changes of our own for the purpose of 
increasing the accuracy of the quantitative 
determination. The technique briefly is as 
follows; 

1. One hundred cubic centimeters of urine, 
50 cc of C.P.Toluene, 10 cc of cone. HCl and 
a few glass beads are added to a 500 cc flat 
bottomed Florence flask. The flask is con- 
nected by a one-holed cork stopper to a verti- 
cal reflux condenser and the contents boiled 
vigorously for 15 minutes on an electric hot 
plate. 

2. The flask it then cooled under tap water 
to room temperature and its contents transfer- 
red to a 500 cc separatory funnel. The lower 
urine-acid layer is drawn off. The urine-acid 
]a 3 'er is shaken twice with 10-15 cc volumes 
of fresh toluene and returned to the separa- 
tory funnel, the urine-acid layer being drawn 
off between each shaking. 

5. The toluene emulsion layer in the separ- 
atory funnel is then washed twice with 15 cc 
portions of 0.1 N NaOH followed by 2 wash- 
ings with IS cc portions of distilled IDO. 

4. The washed toluene and toluene water 
emulsion layers are transferred to a 125 cc 
Erlenmaj'er flask. A few glass beads are 
added. The separatory funnel is rinsed with 


fresh toluene and the rinsings are added to 
the flask. 

5. The mixture is boiled on an electric hot 
plate under a hood and when the emulsion 
layer has disappeared and the toluene is 
boiling smoothly 10 cc of freshly prepared 
2^ NaOH in absolute methanol are added 
slowly. The mixture is boiled until a granular 
precipitate is obtained and the solution has 
a yellow or greenish yellow appearance. 

6. The toluene mixture is then filtered 
through fritted glass filters of medium porosity 
using slight suction. The precipitate is washed 
with the fresh hot toluene used to rinse out the 
flask. 

7. The combined filtrates are evaporated in 
a hood utilizing a hot plate. The last traces of 
toluene are eliminated by means of an air 
stream. This avoids charring the residue. 

8. Five cc of acetone are then added to the 
residue and the measure gently heated until 
solution is complete. Twenty cubic centimeters 
of 0.1 N NaOH are slowly added while the 
flask is still on the hot plate. When boiling 
occurs the flask is placed in the refrigerator 
overnight. 

9. The precipitate that forms is collected 
by filtering through a fritted glass filter 
and washed with the rinsings of the flask 
using distilled HjO. The precipitate is then 
washed with 10 cc of petroleum ether. 

10. The receiving flask is changed and the 
precipitate dissolved by passing 10 cc of hot 
absolute ethanol through the funnel. If the 
precipitate shows any discoloration of a red- 
dish or yellowish tint it is reprecipitated by 
adding 40 cc of distilled H 2 O to the alcohol 
solution and heated to boiling. This last step 
is repeated until the precipitate is white. 

11. The alcoholic filtrate is evaporated to 
dryness on a hot plate utilizing an air jet to 
remove the last few cubic centimeters, 

12. Ten cc of C.P. HoSO^ are added to the 
dried white precipitate and allowed to stand 
one hour for full color development. After 
proper dilution (usually 1-10) the solution 
is read in a Coleman model 1 1 Spectrophotom- 
eter at a wave length of 420/x. The read- 
ings are interpolated on a cur\m made by 
using pure pregnanediol. 

In order to test the accuracy of our quan- 
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TABLE 1. 

Eomparison of Venning Gravimetric Method and 
the Modified Guterman Method. 

NaPG as 

jSTo. Pregnanediol Pregnanediol 

1 78.1 78.3 

2 68.4 60.1 

3 65.7 67.9 

4 18.2 16.3 

5 9.1 8.1 

titative results a few determinations using our 
technique and the original Venning method 
were run on the same samples. Fig. 1 shows 
the close agreement between the two methods. 
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Pro. 1. 

A composite curr-e demonstrating the excretion 
of pregnandiol in a group of patients during nor- 
mal pregnancy and the immediate postpartum 
period. 

Normal Pregnancy Cvrvc. There is con- 
siderable variation in the dailj" output of preg- 
nanediol in the individual with a normal 
pregnancy but the curve follows a tjqiical 
pattern. During the first 12 to 14 weeks of 
the gestation the daily excretion will vary from 
a low of 5 or 6 mg to a high of 20 mg. Some 
individuals excrete more pregnanediol through- 
out the pregnancy than do others. The daily 
output increases slowly during the second 
trimester of pregnancj’ leveling off at about 
the twenty-eighth week of the gestation. The 
level remains fairly constant during the last 
10 weeks of the pregnancy, varv-ing from 70 
to 90 mg per day. Individual daily amounts 


may fluctuate rather widely reaching as high 
as 120 mg or as low as 50 or 60 mg. Serial 
determinations on the same patient are ex- 
tremely important for only in this way can 
one recognize sudden changes in the normal 
pattern. No sudden drop in the level of free 
pregnanediol prior to the onset of labor has 
been recognized in our curves although there 
may be some recognizable decrease in the 
daily output during the last few weeks prior 
to the onset of labor. 

Following delivery there is a sudden drop 
in the excretion of pregnanediol. The first 24 
hour urine collection may contain as little as 
half the amount present on the previous day. 
No more than 10 to 20 mg are eliminated 
during the second 24 hours. Small amounts 
varying from 2 to 3 mg may be present for 
an additional day or two, following which little 
is excreted. We have collected all urine in our 
postpartum patients by means of an inlying 
catheter to provide for complete samples. 
(Fig. 1) 

Most authors agree that pregnanediol is the 
urinary metabolite of progesterone. During 
the latter half of the menstrual cycle and the 
early part of pregnancy, the corpus luteum is 
the principal source of this hormone. However, 
with the development of the placenta this 
organ becomes the principal source of the 
progestational hormone. It may serve as the 
only source for in 2 instances in our series 
as well as in the experience of others (Seegar 
and Delfs) ’’ the removal of the ovary contain- 
ing the corpus luteum did not alter appreci- 
ably the excretion of pregnanediol. 

Placental functions must be directly related 
to the quantitative production of progesterone 
and the output of the biologically inert steroid 
pregnanediol. In that the placenta is primarily 
a circulatory organ providing the circulation 
link between mother and fetus, the excretion 
of pregnanediol depends indirectly on the 
efficiencj' of placental circulation. Compli- 
cations of pregnancy associated with dis- 
turbances of placental function must invari- 
ably be reflected in disturbed pregnanediol ex- 
cretion. It is not surprising that decreased 
amounts have been reported in patients who 

5 Scegar, G. E., and Delfs, E., J. A. 31. A., 1940, 
115, 1267. 
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threaten to abort, in the toxemias of preg- 
nancy, in premature labor, in late death of the 
fetus. Before intelligent therapy of these 
complications can be developed, the relation- 
ship of progesterone metabolism to these con- 
ditions must be understood. 

Summary. — h. rapid, accurate colorimetric 
method for the quantitative determination of 
pregnanediol based on the methods of Venning, 
Talbot and Guterman is described. Serial de- 
terminations in normal pregnancy and preg- 
nancy complications have been carried out in 


over 100 patients. Pregnanediol e.\-cretion'in 
the last 28 weeks of the gestation can be used 
as a quantitative measure of uteroplacental 
circulation. During this period the placenta is 
the chief source of this urinary metabolite for 
corpus luteum activity wanes rapidly after 
the first trimester. Serial determinations in 
normal pregnancy and the complications of 
pregnancy may throw light on the adequacy of 
the placenta as the essential organ for the 
survival of the fetus. 
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Symmetrical Patterns of Bacteriophage Production. 
Ralph W . G . Wvckoep. 

From the Fatioml Institute of Health, Fclhcsda, Md. 


In a previous note^ it was shown that the 
problem of how bacteriophages are produced 
can be directlj' approached through the elec- 
tron microscopy of metal shadowed “replicas" 
of the surfaces of agar cultures on which bac- 
teria and bacteriophage are growing together. 
Such studies of several different bacterio- 
phages are showing many of the phenomena 
involved in the production of these virus-like 
objects. The processes are complex and de- 
pend not only on the t>pe of bacterium and 
the strain of bacteriophage but also on such 
factors as the rate and the duration of growth 
of the culture. Detailed evidence furnished 
by the electron microscope rvill be described 
elsewhere. 

One of the most impressive aspects of the 
development of bacteriophage from bacterial 
protoplasm is its completeness, and in cer- 
tain instances its regularities. B'^ith the T3 
bacteriophage against the colon bacillus, the 
pattern of this conversion shows a symmetry 
as perfect as that of the molecular particles in 
a crystalline array- (Fig. 1). As in this figure 

1 Edwards, O. 

Soc. Exp. Biol, and Med., 1947, 64, 16. 

2 Price, AV. C., and AVycRoff, B. AV. G., Fature, 
1946, 157, 764; JIarkham, B., Smitli, K. M., and 
IVyckoIF, B. W. G., ibid., 1947, 159, in press. 


the pattern often covers the entire surface of a 
bacterium; but it is also to be seen spreading 
throughout extruded protoplasm (Fig. 2). It 
extends into and includes the thick masses 
which were bipolar bodies in the original cells. 
When most clearl}'' visible, the pattern is one 
of concavities but in many places the sepa- 
rate indentations are filled with spherical 
bodies having the size of free bacteriophage 
particles. Photographs have been obtained 
of this honeycomb structure starting to form 
within cells that otherwise seem normal; but 
it is often difficult to be sure whether these 
indentations are places where fully formed 
particles have escaped or where relatively im- 
mature particles are just beginning to form. 

Correspondingly complete conversion to 
bacteriophage has been observed with other 
strains but highly symmetrical nets of par- 
ticles have not been seen following infection 
with any of the “tailed" bacteriophages. 

The many electron micrographs already 
made suggest far-reaching speculations into 
the nature of bacteriophages and of any vir- 
uses that may e.xhibit similar mechanisms of 
increase; but the techniques being used offer 
opportunities for gaining further information 
that make discussions of this nature seem 
premature. 
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A c!iroiiii«m-.slm<lo\vo(l electron micrograph of a colon Imcillus infected with the '13 strain of hactoriopliagc. The regular 
pattern of concavities ostends over tho entire surface of the organism. Magnification ca. 40,000. 
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Gaseous Distention in the Obstructed Small Intestine o£ Gats. 

Fritz Schweinburg, Edward Frank, Arnold Segel, and Jacob Fine. 

From Kirstein Surgical T^cscarch Laioratories, Beth Israel Hospital, Boston, and the Depart- 
ment of Surgery, Harvard Medical School, Boston, Mass. 


In a previous paper’^ we demonstrated that 
sulfathalidine and sulfamethazine exert an in- 
hibiting effect on gas production in the ob- 
structed small intestine of the cat. This 
report concerns similar studies of other sul- 
fonamides and of penicillin and streptomycin. 

The following drugs were investigated; Sul- 
fadiazine, sulfamerazine, sulfathiazole, sulfa- 
succidine, penicillin and streptomycin. 
Phthalic acid and succinic acid were tested 
because they are hydrolytic products of sul- 
fathalidine and sulfasuccidine.- Additional 
e.xperiments with sulfathalidine and sulfame- 
thazine in smaller doses were carried out and 
are compared with the previously reported 
results with the larger, d.oses. 

Method. The experimental inelhod is iden- 
tical with that used previously. Cats weigh- 
ing 1 J4-3 kg, which had been deprived of food 
and water for 24 hours, were subjected to 
laparotomy with the usual sterile precautions. 
A heavy cotton ligature was used to complete- 
ly occlude the esophagus at the cardio-eso- 
phageal junction. A similar ligature was ap- 
plied to the ileum just proximal to the ileocecal 
junction, thus producing a closed loop. Al- 
though the stomach was free of solids or 
liquids, gas up to 30 cc was present occasion- 
ally. This was aspirated prior to injection 
■of the material to be studied. Two tea- 
spoonfuls of powdered malted milk* in 100 cc 
•of milk, with or without the drug to be tested, 
was injected into the stomach. The 'dose of 
sulfonamide was 1.5 gAilo in most experi- 
ments; in the remaining ones, 0.5 gAilo. The 
dose of penicillin was 30,000 UAho and of 
streptomycin 60,000 U/kilo. After 22-26 

1 Scgcl, A., Schweinburg, P., and Pine, J., Pnoa 
•Soc. Ext. Biot,. ax» Med., 19-lG, 03, 17. 

2 Potii, E, J., and Boss, G. A., Texas Beporfs on 
Biot and Med., 19-J3, 1, 3t5. 

• tfandcr Powdered Malted Milk. 


hours the animals were sacrificed by etheriza- 
tion and the amount of gas and liquid or semi- 
solid contained in the closed loop was 
measured. 

A total of 178 cats were studied. Six cats, 
not included in the results, were found dead 
after 24 hours. Most of these had received 
no drug. They showed enormous gaseous dis- 
tention as the probable cause of death. 

Results. Table I lists the average amounts 
of gas found and also the greatest and smallest 
amounts, to demonstrate the range of effec- 
tiveness of the various drugs used. No rela- 
tion whatever was apparent between the 
amount of gas and the amount of solid and 
liquid material. 

The data show that sulfadiazine, sulfa- 
merazine, sulfamethazine, sulfathiazole and 
sulfathalidine are equally efficacious in de- 
pressing gas formation from malted milk in 
a closed loop. Doses of 0,5 gAdo are just 
as effective as the larger dose. Both doses are 
large compared to amounts used clinically. 
Sulfasuccidine is definitely less effective, 
though significantly better than the controls. 
Succinic and phthalic acid have no effect 
whatever on gas production. Of the drugs 
studied, penicillin proved to be the most 
powerful inhibitor of gas formation. Strep- 
tomycin, on the whole, showed a good de- 
pressing effect, but the amounts of gas varied 
over a wide range. 

Discussion. Since the sulfonamides in gen- 
eral exert their action on the gram negative 
bacteria of the intestinal tract (coli-aerogenes 
group) and on the clostridia normally present 
there, it is not surprising that these drugs 
work very much alike in depressing gas for- 
mation. 

Of the 2 conjugated sulfonamides studied 
sulfathalidine exerts a definite antibacterial 
action in vitro and in the gut=-® while sulfa- 
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TABLE I, 


Drug 

Dose, g/k 

No. of cats 

Max. 

CC gas 

Min. 

Axg 

Sulfadiazine 

1.5 

10 

35 

4 

14 3 


.5 

10 

32 

6 

Ifi Q 

Sulfamerazine 

1.5 

10 

30 

1 

1 *^ « 

Sulfamethazine 

1.5 

10 

30 

0 

12.0 


.5 

4 

14 

8 

10.0 

Sulfathiazole 

1.5 

6 

22 

7 

12.0 


.5 

12 

25 

1 

11.1 

Sulfathalidine 

1.5 

20 

60 

0 

17.5 

if 

.5 

4 

31 

5 

15.2 

Phthalic acid 

.6 

5 

210 

87 

155.0 

Sulfasuccidine 

1.5 

12 

175 

13 

44.0 

Succinic acid 

.5 

5 

164 

62 

101 

Penicillin 

30.0 U/kg 

10 

38 

0 

8.5 

Streptomycin 

60.0 UAg 

29 

225 

0 

33 

Controls 

— 

31 

215 

55 

117 


succidine does not act in vitro but acts in the 
gut only after hydrolysis.'* This fact explains 
the less effective action of sulfasuccidine. 
Phthalic and succinic acid exert no inhibitory 
action. 

Since penicillin has no effect, except in ex- 
cessive doses, on gram negative bacilli, it acts 
presumably by suppressing the clostridia 
which are present in the gut. 

Since coliform bacteria predominate and 
Clostridia are relatively few, one would ex- 
pect gas formation to be suppressed to a les- 
ser degree by penicillin than by those drugs 
which work on both clostridia and gram nega- 
tive bacilli. This is not the case, however, 
since it works best of all the drugs studied. 

The results with streptomycin are difficult 
to explain. The range of gas production is 
fairly narrow for all drugs except strepto- 
mycin. Of 29 cats treated with streptomycin, 
16 had either no gas or less than S cc; 6 had 
less than 25 cc; 3 showed amounts of gas be- 

3 Scliweinliurg, F. B., and Yetwin, X. J., J. Bact., 
1945, 49, 193. 

4 Both, E. J., and Knotts, F. L., Arch. Surg., 
1942, 44, 208. 


tween 25 and 100 cc and 4 had 110, 150, 195, 
and 225 cc of gas respectively. The last of 
these is a little more than the highest amount 
of gas found in the controls, or with phthalic 
and succinic acid, which may also be con- 
sidered controls. We are not able to explain 
these observations. 

A study of the chemical composition of the 
gas and the associated changes in the bacterial 
flora of the small intestine of dogs brought 
about by these drugs is proceeding. 

Conclusions. Gas formation from malted 
milk in milk in a closed loop, comprising the 
stomach and the entire small intestine, is 
markedly depressed by sulfadiazine, sulfa- 
merazine, sulfamethazine, sulfathiazole and 
sulfathalidine. There is a definitely less, but 
still significant depression by sulfasuccidine. 
Phthalic and succinic acid have no inhibitory 
effect on gas production. Streptomycin works 
well in the majority of the experiments, but 
is a complete failure in others. Penicillin 
•works best of all the drugs tested. 

■ We -ivish to tliank Miss Suny."! Gordon and Mr. 
TJiomas Barnett for valnable teciniical assistance. 
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Urinary Excretion of Radioactive Iodine, in a Case of Severe 

Hyperthyroidism.*" 


Tv. W. Stenstrom and J. F. ^Marvin. 

From the Department of Jiadiotogy and Physical Therapy, University of Zlinnesota Medical 

School, Minneapolis, Minn. 


Earlier studies of Hamilton/ Hertz and 
Roberts," Chapman and Evans® and others 
have provided helpful data with respect to the 
absorption of P®®, its deposition in the thj'- 
roid, elimination, and effectiveness in control- 
ling the symptoms in patients suffering with 
hyperthyroidism. This isotope, obtained from 
the cyclotron, has a half-life of 12 hours. The 
isotope, which can be obtained carrier- 
free from the uranium pile has a half-life of 
8 days. The irradiation is, therefore, dis- 
tributed over a much longer time when I*®* 
is used for therapeutic purposes. The amount 
of required for treatment needs to be de- 
termined and little data is as yet available in 
the literature with respect to its use in the 
treatment of hjqjerthyroidism. The purpose 
of the present report is to provide data con- 
cerning the excretion and retention of I^®^. 

Radioactive iodine, t I‘®\ was administered 
orally to a female patient, age 29, suffering 
from a severe hyperthyroidism of diffuse type 
with marked exophthalmos. Lugol’s solution 
had been given for a period of several months 
but had produced only brief improvement 
and was discontinued 3 weeks before the first 
dose of radioactive iodine was administered. 
The patient proved to be sensitive to thiour- 
acil and she was not in good enough condition 
to tolerate surgery. Her weight had gone 
down to 87 pounds and the BMR was +70. 


* .VidtMl by tbe RcscaTcU Funds of tlic Graduate 
Scliool of tbe TJnivcrsity of Jlinncsot.'i. 

1 HamiUon, ,T. G., Padiology. IPtS, SO, G41. 

~ ^crf^, S., .nul Roberts, A., J. Am. Med. Assn., 
19-lC, l.-il, SI. 

a Chapman, E. and Ev.'iu.s, R. D., .T. Am. 
Med. A.s.sn., 194G, l.tl, SO. 

t The radiooctive iodine w.ns obf.iiiicd tbroupb 
tbe cooperation of tbe Isotope Brnncb, Research 
Division. United Sbates Engineering Office, Man- 
Jn.ttnn District, Onb Ridge, Tenn. 


The weight of the thyroid was estimated to 
be SO g. 


A dose of 9.1 millicuries of I*®* was given on 
October 11, 1946. No toxic reaction was ob- 
served. Urinarjr excretion was determined by 
means of a beta-ray Geiger-!Muller Counter.'^ 
In the first four 12-hour intenmls it was 
respectively 10.4%, 15.5%, 10.4%, and 8.5% 
(in per cent of H®’ given), thus indicating a 
total retention after 2 days of 54%. A dose of 
3 millicuries was given on November 24, 1946. 
Urinary excretion in the first two 12-hour 
intervals was respectively (in per cent of 
P®* given) 12.7% and 1.8%> giving a total 
retention after I day of 85.5%. 

Calculated values of retention of iodine in 
the body are given in Table I, and measure- 
ments on e.xcretion of P®i in the urine are 
given in Fig. 1. Iodine retention is given in per 
cent of the original dose. (Both radioactive 
decay and excretion factors being considered.) 
Excretion is plotted in per cent of the iodine 
retained at a time half-way between the col- 
lection of specimens. 

The question has been raised of the advis- 
ability of giving stable iodine following 
the administration of the radioactive iso- 
tope. For this reason, stable iodine was 
administered as Lugol s solution for a period 
of^ 2 days after the urinary excretion of 
r®' had reached a low level. (The con- 
tinued low level of excretion of I’®^ has 
been explained on the basis of decay of thy- 
• roxin in the blood.) .Administration of Lugol’s 
solution was followed, each time, bv excretion 
of I'®i in relatively large amounts. The e.v- 
cretion of radioactive iodine seemed to begin 
some 24 hours after the stable iodine was 
given. This delay is quite different from the 
immediate excretion (in the first 12-hour 


•I Wanp, J. C., if.imn, J. F., .ind Stcn.strom, 
K. W., Jlcv. Scient. Inst., 1942 ^ 
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Urinary Excretion of 


TABLE I. 


Interval, 

days 

% of administered Iisi retained 
(at midpoint of interval) 

Equivalent 
roentgens 
per interval 

I II 

1—9.15 me (100%) 
(.18 mc/g thyroid) 

U— 3.0 me (100%)^ 

(.06 mc/g thyroid) 

0 -0.5 

93.5 

91.5 

1040 

. 330 

0.5-1.0 

78 

82 

870 

300 

1.0-1.5 

61 

76 ■ 

680 

275 

1.5-2.5 

51 

70 

1140 

510 

2.5-3.5 

43 

64 

960 

470 

3.5-4.5 

38 

58 

850 

425 

4.5-5.5 

34 

51 

760 

370 

5.5-G.5 

30 

43 

670 

315 

G.5-7.5 

24 

‘ 37 

535 

270 

7.5-8.5 

17.5 

33 

390 

240 

8.5-9.5 

13 

30 

290 

220 

Estimated additional dosage (extended over a period of several weeks) 

1765 

1775 

Total dose in equivalent roentgens 


9950 

5500 


interval) following administration of radio- 
active iodine. The same experiment was car- 
ried out in one case of carcinoma of the thy- 
roid with metastasis (unpublished). )In this 
case, however, administration of LugoPs 


solution did not result in increased e.xcretion 

ofU3i_ 

The estimated dose in roentgens for each 12- 
hr or 24-hr period is given in Table I. This 
data was calculated in accordance with 



5 6 7 6 

Dqlj of observation 
Fio. 1. 

rr-innrTT p-ri-retion of IIS! per 12 hours calculated in per cent of iodine retained at a time 
half way between he coutetion of specimens. Dose 1 was 9 me. Dose 2 was 3 me, ™onth 
Lter NfSa were av.ailable for the 8th day following dose 1 as the specimen was lost. 
Arrows indicate the time of administration of Lngol s solution. 


Development of Fitndulus tn Metrazol 


49' 


Evans-’’ formula, on the basis of a thyroid 
weight of 50 g. (The table gives estimates 
of the dose per 12 or 24-hour interval and 
of the total dose). The total dose is esti- 
mated to be 9950 roentgens for the first 
administration of 9.1 millicuries, and 5500 
roentgens for the second administration 
of 3 millicuries. It should be noted that 
the total dose in roentgens folio-wing the sec- 
ond administration (3 millicuries) .agrees with 
the simplified formula of Hertz and Roberts, - 
roentgens eqivalent 

millicuries 

= 117,000 X 

grams thyroid 

It is too early to evaluate the result of the 
treatment. Though the patient has improved 
somewhat and has gained weight, no decided 
reduction of the BMR occurred in the first 
2 months following the first dose, and it seems 
probable that further treatment will be re- 
quired. 

Sjimvwry. Information is given of the 
urinary excretion of radioactive iodine follow- 
ing administration of relatively large doses 
in a patient with severe hyperthyroidism. 
Administration of stable iodine (in Lugol’s 
solution) after the urinary e.xcretion of 
had reached a low level resulted in a pronoun- 


ced increase in ’this excretion, which lasted 
some 48 hours after discontinuing Lugol’s 
solution. This increase in excretion of I^®* 
was not observed following administration of 
Lugol’s solution in one case of carcinoma of 
the thyroid with metastasis. Retention of 
85% of the by the thyroid agrees -with 
other figures on the retention of I^^® by the 
hj'perplastic thyroid, when iodine has been 
withheld for a period of over 4 weeks prior 
to radioactive iodine.t 

t A third dose of 9 millicuries of list ivas given 
the same patient in January, 194:7. Loss of iodine 
in the first 2 days -was high (50%). Use of Lugol’s 
solution again resulted in increased excretion of 
radioactive iodine. The metabolic rate had returned 
to normal when the patient was next seen in 
March, 1947. 

Two additional cases have since been treated 
with doses of 9 millicuries of 1131 (estimated 50 
grams thyroid tissue). Excretion was much the 
same as that following the second dose of iodine 
for patient No. 1. Use of Lugol's solution resulted 
in increased excretion of radioactive iodine in both 
of these cases. 

Dr. C. J. IVatson, Director of the Department of 
Internal Medicine, University of Minnesota Hos- 
pitals, made the arrangements for the treatment of 
the patient, and we are obliged to Mm for the 
opportunity to carry out these measurements and 
for valuable advice. 
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The Development of Fundulus heteroclitus Embryos in Solutions of 

Metrazol. 


Jane hi. Oppenheiaier. * (Introduced by J. S. Nicholas.) 

From the Department of Diotogy, Bryn Mawr College, and the Murine Biological Lahoratory, 

IToods Hole, Mass. 


SpeideE has attempted to ascertain the 
specific effect of metrazol on the nervous 
system by immersing frog tadpoles in aqueous 
solutions of it and by studying, by direct 
microscopic and cine-photomicrographic meth- 

• Aided by a grant from the Penrose Fund of the 
American Philosophical Society. 

1 Spcidcl, C. C., Froc. .4m. Philos. Soc., 1940, 
8.1, 349. 


ods, the outgrowth of living nerve fibers in the 
tadpoles’ tails. Using a 2% solution for ap- 
proximately 20 minutes, Speidel found that 
the growing nerve endings degenerated during 
the period of immersion, but recovered and 
subsequently regenerated when the tadpoles 
were returned to pond-water. 

The present communication reports the 
results of studying the development of cer- 
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Development of Fundulvs in Metrazol 


tain aspects of gross behavior in whole em- 
bryos (Fimdulus heterocUtus) which were im- 
mersed in solutions of metrazol at different 
stages of development and which remained in 
them for varying periods of time. The in- 
vestigation was undertaken with the possi- 
bility in mind that subjecting embryos to 
treatment at various stages of development 
might produce alterations of structure and 
function in the central nervous system which 
could be correlated with the particular fiber- 
tracts being laid down during the period of 
treatment. 

Over 500 eggs of Fundidus hctcroditus 
were treated with aqueous solutions of met- 
razol (Pentamethylentetrazol, Bilhuber-KnoII 
Corporation). Solutions, made in distilled 
water, were used in strengths of either 0.1% 
or 2%. The embryos were introduced into 
the solutions at stages varying between 6 
and 34 (Oppenheimer-), and remained in 
them for periods varying from a few hours 
to 14 days. In some cases thej'- remained in 
the solutions until fixation; in others they 
were transferred to tap- or sea-water. Some 
embryos were dechorionated before treatment, 
others were left in their chorions throughout; 
still others were dechorionated during the 
course of treatment or recovery. All embryos 
were observed at least twice daily; those 
which survived treatment were preserved and 
are being prepared for histological study. 

The gross effects, which were more drastic 
in dechorionated embr 3 ms than in those with 
chorions intact, varied also in degree accord- 
ing to the age of the embryos, the strength of 
the solutions used and the duration of the ex- 
periments. In some cases recovery occurred 
after the embr^-os were transferred to tap- or 
sea-water. 

None of the embrjms treated with 2% met- 
razol solution before gastrulation developed 
normally; some of those treated at pregas- 
trular stages with 0.1% solution reached stage 
32, the stage of hatching, and completed the 
major part of their early development. Em- 
bryos treated subsequent to gastrulation but 
before the establishment of circulation de- 
veloped for as long as 14 da 3 's in the 0-^% 

- Oppciilieinier, J. M., Anai. See., 1937, 08, 1. 


solution; of comparable embryos treated with 
2% solution, only 2 (both left in their cho- 
rions during treatment and transferred from 
metrazol after 2)4 days), reached stage 31 
There was a marked effect on the circula- 
tion of embryos treated between stages 23 
and 32; the rate of the heartbeat became 
markedly slowed, and a large vesicle, filled 
with static blood, formed just distal to the 
sinus venosus. . In addition, the tonic rela- 
tionships of the longitudinal bod 3 ' muscula- 
ture were often affected in embryos treated 
at these stages. Man 3 r of the embryos treated 
between stages 23 and 26 exhibited sharp 
localized contractures of the trunk muscula- 
ture. In addition, many embryos treated be- 
tween stages 23 and 32, whether or not such 
localized contractures were present, exhibited 
various degrees of kyphosis or lordosis which 
involved sometimes trunk, sometimes tail, 
sometimes both. Embryos treated between 
stages 27 and 32 in some cases also showed 
abnormalities in the action of the mouth and 
opercular apparatus, which were held open 
without performing the usual rhythmic move- 
ments. 

Embryos treated subsequent to stage 32 
did not exhibit the same tonic abnormalities 
which characterized the group just described 
and were not k 3 ’photic or lordotic. They some- 
times, however, in contrast, e.xhibited sharp 
lateral contractions and held their fails bent 
to left or right. Their mouths were almost 
invariably stretched wide open and exhibited 
no rhythmic movements. Righting reflexes 
were lost in these embryos during the period 
of treatment. 

Whether the effect of the drug on the re- 
actions of the embryos acts through the 
nervous system or directly on the muscular 
system, and whether or not the drug has re- 
sulted in morphological changes within the 
nervous system that do not produce functional 
changes in behavior, can be ascertained only 
after histological examination of the embry'os 
is completed. It is dear, however, that sub- 
jecting ■whole embryos to the action of the 
drug provides a further method for study of 
the development of structural and functional 
relations in the embry'onic central nervous 
system. 
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Effects of Testis Hyaluronidase and Seminal Fluids on the Fertilizing 
Capacity of Rabbit Spermatozoa. 

M. C. Chang. (Introduced by D. Rapport.) 

From the irorccster Foundation for Expcrimaital Biotogy, Shrewsbury, and the Department 
of Physiology, Tufts iledical College, Boston. 


An enzyme, extracted from mammalian 
testis, which increases the permeability of 
skin and other tissues containing hyaluronic 
acid is known as hyaluronidase.^"* The cu- 
mulus cells surrounding the tubal ova of the 
rabbit were shown to be dispersed in the 
presence of fairly large numbers of sperms 
by a heat labile enzyme, now identified as 
hyaluronidase.'"*® On the basis of these ob- 
serv'ations, the participation of hyaluronidase 
in fertilization,"'*® the capacity of hyaluron- 
idase to increase the fertilizing power of 
sperms,** and the clinical use of hyaluronidase 
for sterility*- have been reported. Rowlands’ 
report** on increased fertilizing capacity in 
rabbits was based on the use of heated seminal 
fluid which contains hyaluronidase. In the fol- 
lowing experiments we have examined the 
effects of purified testis hyaluronidase on 
fertilization hi vivo. 

Methods. Adult non-pregnant doe rabbits 
were superovulated according to Pincus.*® 

1 McClcan, D., J. Path, and Boot., 1930, 33, 1045, 

2 McClcan, D., J. Path, one? Bact., 1931, 34 , 459, 

3 Hoffmann, D. C., nnO Duran-RcjTials, F., 
J. Frp. Med., 1931, 03, 387. 

■> Chain, E., and Dutliic, E. S., Brit. J. Exp. Path., 
1940,21, 324. 

Pincus, G., and Enzmann, E. V., ,T. Exp. ited., 
1935, C2, CG5. 

0 Pincus, G., and Enzin.ann, E. Y., J. Exp. /tool., 
193G, 7.3, 195, 

' McCican, P., and Howlands, I. XV., A'otiirc, 
1942, J.-50, 027. 

s Feketc. E., and Duran-Rcynals, F., Paoc. Soc. 
Exp. Bioi,. .\ND Med., 1943, 02, 119. 

D Econard, S. L.. and Kurzrok, R., Endocrinology, 
1945, .37, 171. 

10 Swwor, G. I, M., Eancct, 1940, 201, 755. 

11 Rowlands, 1. XV., A'litiirc, 1944. 101, 332. 

12 Kurzrok. R., Leonard, S. L., ,and Conrad, H,, 
.Ini. .T. Mod.. 1940, 1, 491. 

13 Pincus, G., Ant. RrKl.iOlO, 77, 1, 


They were inseminated xvith a minimal effec- 
tive number of spermatozoa (number of 
sperms needed to fertilize only a small num- 
ber of ova) suspended in different fluids just 
before the intravenous injection for the in- 
duction of ovulation. The rabbits were sacri- 
ficed 25 to 30 hours later and the ova were 
flushed out from the oviducts. The fertilized, 
and unfertilized ox^a were counted. 

The semen of a single male rabbit was col- 
lected W’ith an artificial vagina** for insemina- 
tion in order to control the variation of sperm, 
quality between different individuals. The 
interx'al between each collection of sperm xvas- 
3 to 4 days in order to keep the sperm quality 
constant. The general method of insemination 
was carried out according to Walton.*®’*® The 
semen just after collection xvas diluted with 
saline (0.9% NaCl) about 1 part to 1,000. 
Then the sperm concentration xvas immediate- 
ly counted by means of the hemocytometer 
technique. Saline or sperm was add^ if the- 
concentration of sperms was too high or too 
low’. Then 0.5 ml of this suspension xx’as added 
to one of the following; (1) 0.5 ml of saline 
containing a known amount of hyaluronidase, 
(2) 0.5 ml of supernatant fluid of normal 
semen after heating, (3) 0.5 ml of semen from 
a x’asectomized male, (4) 0.5 ml of saline 
serx’ing as a parallel control. These mixtures 
(all 1 ml in x’olume) were introduced into 
the x-agina of each rabbit. Usually, 6 rabbits 
were inseminated at a time. The time interx’al 
between collection of semen and the first 
insemination xvas about 10 minutes, and that 
betxveen the first and last insemination was 
about 20-30 minutes. 

« Marirnne, C., .nna XV.a]ton, A., .T. Agri. Sci.r 
193S, 2S, 122. 

XY.alton. A., Prop. Boy. Soc. B., 1927, JOl, 303. 

Jfi XX alton. A., J. Exp. Biol., 1930, 7, 201. 
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Hyaluronidase and Fertilization in Rabbit 


The testis hj^aluronidase used was obtained 
from bull testicles (Schering Corporation). 
The seminal hyaluronidase was prepared ac- 
cording to Rowlands i.e., normal semen 
was heated at 50° C for 8 to 11 minutes to 
kill sperms, and then kept on ice for 5 minutes 
and centrifuged. The supernatant fluid was 
used. After insemination, the heated seminal 
supernatant fluid and the vasectomized male 
semen were assayed by the viscosimetric 
method’^" and e,\-pressed as mg of testis by- 
aluronidase. The number of spermatozoa in 
the suspension was counted again 4 to 6 times 
and the average number of sperms inseminated 
was calculated. 

Results. The complete data of these ex- 
periments are presented in Table I. It is 
evident that the fertilizing capacity of sper- 
matozoa was not affected when testis hy- 
aluronidase ( 1 to 0.65 mg per ml) was added. 
The average percentage of fertilized ova for 
10 experimental does was 30 and that of 10 
parallel control does was 27. The total number 
of fertilized ova in the experimental group 
was 70 out of 203 (34%), while that in the 
control group was 48 out of 198 (24%). 

The average percentage of fertilized ova 
(60%) in the 13 experimental does insem- 
inated with supernatant fluid of normal semen 
which contained hyaluronidase (1.05 to 0.2 
mg per ml) was higher than that of 13 parallel 
control does (38%). But there is no statistical 
significance of the difference (t=:1.56, 
P< 0.2 >0.1). However, the total number of 
ova fertilized in the experimental group 
(62%) is higher than that of the parallel 
control group (39%). 

The average percentage of fertilized ova 
in those 10 does inseminated with sperms 
suspended in saline and the semen of vasecto- 
mized bucks which contains no hyaluronidase 
was 63, while that of 9 parallel control does 
was only 15. The difference is statistically sig- 
nificant (t=4.66, P<0.01). The total num- 
ber of ova fertilized in the e.xperimental group 
(65%) is higher as compared with that in 
the parallel control group (21%). 

It is (juite clear from these data that the 

•IT HadidianT Z-j ana~Pirier^ ^tocheinTj., 

in press. 


e.xtra hyaluronidase added to the sperm sus- 
pension does not influence the fertilizing ca- 
pacity of spermatozoa. On the other hand, 
seminal fluid with or without hyaluronidase 
does increase the fertilizing capacity of rabbit 
spermatozoa. 

Discussion. It is a common thought that 
seminal fluid is not important for the fertiliz- 
ing capacity of spermatozoa because the epi- 
didymal spermatozoa,i®’i®’i® spermatozoa sep- 
arated from seminal fluid by centrifugation,^** 
and semen in a very diluted form-®'-^ are able 
to insure fertilization. The present investiga- 
tion, however, reveals clearly that the import- 
ance of seminal fluid shows up when the num- 
ber of spermatozoa is decreased to a minimum. 
Thus, any disturbances of accessory glands 
may affect the fertility of a male though 
clinical data on this point are still scarce."- 
The great variation in the percentage of 
fertilized ova per doe (Table I) under strictly 
controlled experimental conditions leads one 
to reject those positive conclusions based upon 
only a few clinical cases or based on some 
experimental studies without strict control of 
variations of sperm quality in different in- 
dividuals and in different time intervals of 
collection in the study of such an intrinsic 
process as fertilization. 

Although the dispersal of cumulus cells 
surrounding the ovum by sperms or by hy- 
aluronidase in vitro is unquestionable, the 
role of hyaluronidase in the complicated proc- 
ess of fertilization in vivo is still uncertain. 
Even if hyaluronidase per se plays an im- 
portant role in fertilization, the hyaluronidase 
of spermatozoa is quite adequate to perform 
its function without further addition of hy- 
aluronidase. 

Summary. Thirty-three doe rabbits were 
inseminated with a minimal effective number 
of spermatozoa suspended in saline containing 

IS YooBg, W, C,, cT. .Ssp. tBiot., 19S1, 8, 151, 

Walton, A., Proe. Jm. Soc. Jni. Pro3., Slst 
Meeting, 1938, 238. 

so Chang, M. C., J. Pxp. Siol., 1946, S3, 95. 

21 Salisbury, G. W,, Elliott, I., and Van Do- 
mark, N, L., J. Dairy Set., 1945, 38, 233. 

22 Huggins, C., T/te Bote of the Accessory Glands 
tn Fertility. Diagnosis in Sierilily. 1946. Edited 
by E. T. Engla. Cliarles Thom-os, Publisher, El. 
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Antibiotic Activity of Protoaneiionin 


purified testis hyaiuronidase, or saline and 
supernatant fluid of heated normal semen con- 
taining hyaiuronidase, or in saline and semen 
of vasectomized buck containing no hyaiuron- 
idase. Thirty-two does were inseminated at the 
same time with the same number of sperms 
collected from the same rabbit but suspended 
in saline, serving as parallel controls. It was 
found that it ivas the seminal fluid, not 


hyaiuronidase, which really increased the 
fertilizing capacity of spermatozoa. 

The writer is very gateful to Dr. G. Pineus for 
constant encouragement and reading tlie nianu- 
script and to Dr, Z. Hadidian for the analysis of 
liyaluronidase. Thanks are due to the Foundation 
for Applied Besearch, San Antonio, Te.\-as, for a 
grant and to Mr. Baymond A. Gunnerson for 
assistance. 
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Range of Antibiotic Activity of Protoanemonin.*f 
Margaret Holden, Beatrice Carrier Seegal, and Harold Baer. 

From the Department of Sacteriology, College of Physicians and Surgeons, Columbia Univer- 


sity, New 

Extracts of buttercups and Anemone pulsa- 
tilla exert an inhibitory action on the growth 
of a number of pathogenic bacteria.^’' The 
active principle extracted from A. Pulsatilla 
proved to be protoanemonin.® The present 
studies deal with the titration of the anti- 
biotic activity of protoanemoriin when tested 
against a variety of bacteria and fungi, as 
well as a few representatives among the viruses 
and protozoa. 

Methods of testing the bacteria. The proto- 
anemonin used in these e.xperiments was ex- 
tracted from dried ground A. pnlsatilla or was 

* Aided by a grant from tie John and Mary B. 
Markle Foundation and from the Squibb Institute 
for Medical Besearch, 

f We are greatly indebted to Drs. M. M. Stein- 
bach and C. J. Duca for the tests with tlie Myco- 
bacteria, to Dr. Ehoda Benham for the cultures 
of tlie fungi, to Drs. J. A. Dawson and 6. W. 
Kidder for tlie cultures of the tetrahymena, and 
to Prof. Paul Brutsaert of the Prince Leopold 
Institute of Tropical Medicine, Antwerp, Belgium, 
for first making the observations on the sensitivity 
of the protozoa to protoanemouin. 

1 Seegal, B. C., and Holden, M., Science, 1945, 
101, 413. 

2 Carlson, H. J., Bissell, H. D., and Jluellcr, 
M. G., J. Sact, 1946, 32, 155. 

3 Baer, H., Holden, M., and Seegal, B. C., 

J. Dial. Chem., 1946, 162, 65. 
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prepared synthetically, as described previous- 
ly.® The stock was a 1-100 dilution by volume 
in sterile distilled water from which further 
dilutions in the test media were prepared. 

The in vitro susceptibility of the bacteria, 
with the exception of the hlycobacteria, was 
determined by inoculating O.S cc of a 10"® 
dilution of a 24- or 48-hour culture of the 
test organisms into 4.5 cc of media containing 
decreasing concentrations of the antibiotic. 
The media chosen, as indicated in the tables, 
were, those which provided favorable growth 
conditions for the bacteria under investiga- 
tion. In some cases the organisms were tested 
when grown in each of 2 media. After a 
period of incubation at 37°C, sufficient for 
optimum growth of the control tubes, contain- 
ing no protoanemonin, the cultures were ex- 
amined for the presence of visible turbidity 
or other evidence of growth, such as the pro- 
duction of a pellicle, pigment or gas. The max- 
imum dilution of protoanemonin capable of 
preventing the appearance of growth in the 
period of time specified is recorded in the 
tables. 

Testing of the Mycobacteria required mod- 
ifications in technique. A loopful of pellicle 
1 cm in diameter from a 25-day-old culture 
was used to inoculate 100 cc volumes of 
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TABLE r. 

Till’ Itaxiiimm Dilution of Protoanemonin Preventing the Visible Growth of a Xumbcr of Gram-positive 

Aerobic and Anaerobic Bacteria. 


Dilution of 


Organism 

protoanemonin 
X 1000 

Media used 

Time of 
incubation 

Strep, hem. Group A (3 strnius) 

52-66 

1% eliieken serum meat infusion brotli 

Oveniiglit 
(appro-x. 1C hrl 

Strep, hem. Group D (2 strains) 

16-20 

ft f • *f ff f f 3 i 

ft 

Strep. iiridan.<) (2 strains) 

33-00 

ff yy ff ff ff 

f 3 

T). piici/iiinjiitr Types T, II, III, Y 

II 55 

** *f ff ff ff ff 

ff 

SInph. Oxford li 

60-83 

Meat infusion brotli 

3 t 

Staph. Oxford II 

100-150 

Casein hydrolysate brotli 

t 3 

Staph, alhii.t 

66 

Meat infusion broth 

3 3 

-If. Oisodeil-ticiis 

44 

ff ff f f 

ff 

C. diphthericc 

75-100 

O.^^c glucose meat infusion brotli 

»* 'T yy f f ff 

f 3 

C. hojf mail lit 

75-100 

y f 

C. xerosis 

6-12 

ff y f * } f f f f 

ft 

C. xcrosi.-< 

16-30 

Casein livdrojysate broth 

ff 

Ml/. Iiihcrcidosis hoininis 

160 

Sant on ’s 

1 month 

My. tiihercido.iis hominis 

100-330 

Dubos ’ 

4 days 

Mi/, ivbcrculosis hovis 

100-250 

t f 

f f 

My. fuheretdosis avium 

250-450 

f f 

ii 

B. suhlilis (coiit.ains spores) 

20-50 

Meat infusion broth 

Overnight 
(approx. IGlirl 

Ti. aiiihrnri.t (contains spores) 

20-50 


ff 

Ct. histotylieii.i 

30-350 

0.191 ag.ar in 191 glucose meat 
infusion broth 

48 hours 

Ct. tctaiii 

100-120 

ff ff ff 

ff 

Cl. novi/i 

30-60 

ft ff ff 

3 f 

Cl. ifclchii 

30-350 

f y ft tt 

ff 

Cl. oedematiens 

50-100 

y * ty • • 

ft 

Cl. sporoycncs 

30-350 

ft ti ft 

it 


fimi arc given. 


IVlien results varied from day to day the extremes of vari.!. 


Saiiton’s media containing the appropriate 
dilutions of protoanemonin. When Dubos’^ 
medium was used 0.1 cc of a 5-da}’-old culture 
was the inoculum employed to seed the 5 cc 
of test medium. 

••Ml tests were repeated at least once and 
usually several times. If the concentration of 
protoanemonin causing inhibition of growth 
varied on different days the range of activitj' 
is indicated in the tables. 

Results with bacteria. In Tables I and II 
it may be seen that all the bacteria tested 
possessed some degree of sensitivity to the 
antibiotic action of protoanemonin. However, 
the ma.ximum inhibiting dilution varied wide- 
ly. One strain of Coryucbactcrium xerosis 
required a 1-6000 dilution to prevent growth, 
while the Mycobacteria were inhibited by ap- 
proximately one-thirtieth of this amount of 
protoanemonin. It is interesting also that 

•< Diibo.s, R. ,T., and D.ivi.s. B. D., J. T^rp. yicS., 
lOlG, 8U, 40!>. 


many of the Gram-positive bacteria were 
somewhat less sensitive that the Gram-nega- 
tive organisms. Those organisms tested in 
both broth and casein hj'drolysate medium^ 
showed greated sensitivity to protoanemonin 
when grown in the semi-synthetic medium. 

Experiments were undertaken to determine 
whether the acidity of the medium, the size 
of the inoculum and the age of the culture 
might be contributing factors in the suscept- 
ibility of bacteria to protoanemonin. First, 
the possibility that the acidity of the medium 
might influence the inhibiting action of proto- 
anemonin was investigated, using Escherichia 
coli as the test organism and hydrogen ion 
values ranging from pH 6.7 to pH 7.8. In 
neither meat infusion broth nor casein hydro- 
lysate broth, with or without the addition of 
1% glucose, was there a change in the end 
titer of the protoanemonin. 

The size of the inoculum was investigated 
using 4 organisms, Staphylococcus oxjord h’ 
Coryncbactcrium xerosis, Escherichia coli and 
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TABLE II. 

The Maximum pi}ation o£ Protoanemmin Preyeating the risible Growth of a iNumber of Gram-aegaUre 
Aerobic Bacteria. All Tests Were Incubated OTemight (Appro.^imateIy 16 Honrs).* 


OrgaaisBi 


Dilution of protoanemonin 

X 1000 ATedia used 


Z. 'pneumonias 
K. catarrlialis 
Ps. aentgenosa (3 strains) 

!> )) J> >1 

Scr. marcescens 
T. cholera; 

>i It 

P. ■vulgaris 
P. 0X19 

Alb. fecalis (2 strains) 

Ps. communis 
Ps. comm'unior 

)’ ft 

Pb. typhi “0” and “W’ 
S. paratyphii 
S. Scliottmiilleri 
Sh. dpsenterim Shiga 
” Plexner 

^ ’ ” Sonne 


40 

166 

30-100 

40-200 

80-180 

60-100 

200 

80 

120 

60-80 

50 

50 

100 

250-330 

166 

166 

250 

166 

166 


1% cliicken serum meat infusion broth 
Glucose broth 
Aleat infusion broth 
Casein hydrolysate broth 
Jleat infusion broth 

>> It It 

Casein hydrolysate broth 
Meat infusion broth 

tt >> 7> 

It It It 

It It It 

It It It 

Casein hydrolysate broth 
Meat infusion broth 

It II II 

It II II 

II It It 

It It II 

II II It 


* See footnote Table I. 


Vibrio cholerae. Shteen-hour cultures, un- 
diluted and diluted 10*^, 10^ and 10"', were 
added to casein hydrolysate broth and to 
meat infusion broth, both media containing 
varying amounts of the antibiotic. The find- 
ings indicated that the antibacterial activity 
was independent of the size of the inoculum 
when the inoculum was diluted 10"^, 1(H or 
I O'’’, however the undiluted inoculum was 
not consistently inhibited by similar dilutions 
of protoanemonin. 

The effect of the age of the inocula upon 
the susceptibility of the same 4 organisms 
was determined by using 2-, 4-, 6-, 16-, and 
48-hour cultures. Each culture was diluted 
until the turbidity approximated that of the 
2-hour culture, and O.S cc served as the in- 
oculum. The number of viable organisms was 
determined by pouring plates from each tube 
and counting colonies. The variation in num- 
ber of viable organisms was well within the 
limits of what was found to be without effect 
on the outcome of the test. The results showed 
that the end titer of protoanemonin was the 
same irrespective of the age of the inoculum 

used. _ . 

Methods and results ■with jungt. Three 
yeasts, a non-pathogenic Saccharomyces ^ cer- 
cvisiae and the pathogenic Candida albicans 
and Crypiococcus ncojonnans, were grown in 


1% glucose broth for 2 to S days. Five-tenths 
cubic centimeters of a ICH dilution of the 
culture was added to 4.5 cc of the glucose 
broth containing varying amounts of the anti- 
biotic. The dermatophytes or ringworm fungi 
were cultivated in honey broth for 10 days 
until a luxuriant mycelium was formed. The 
mycelium and spores were triturated in a 
mortar with sterile saline and one drop of the 
suspension added to the glucose broth tubes. 
In the case of Coccidioides immitis, broth was 
added to cover a honey agar slant culture and,, 
after repeated pipettings to free the culture, 
2 drops of the broth were added to each of the 
tubes of glucose broth containing the dilutions 
of protoanemonin. The last 3 fungi tested — 
AUescheria boydii {Monosporium apiosper- 
imtm), an unidentified mold from a bo.x of 
strawberries, and another from an old orange 
— ^were inoculated into glucose broth by sim- 
pl}'- touching the mycelial growth with a 
platinum loop and transferring it to the test 
media. When the growth in the control tubes 
was abundant, the amount of protoanemonin 
required to give inhibition of growth of the 
fungi was noted. Tie time of incubation 
varied with the different species (Table III). 

These experiments show that protoanemo- 
nin inhibits the growth of fungi, which proved 
to be as sensitive as the bacteria. The inhibit- 
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TABLE III. . , 

Masimum Dilution of Protoanemonin Preventing the Visible GrO'svth of a Number of Puugi 

Grown in Glucose Broth.* 


Dilution of protoanemonin, 

Time of reading, 

Organism 

X 1000 

days 

1 

Saccharomyces cerevisias 

50-166 

2 

Candida albicans (2 strains) 

100-200 

2 

Cryptococcns ncoformans (4 strains) 

83-300 

2 

Trichophyton mcntagrophylcs (gypsennx) 

125 

5 

Microsporium canis 

125 

5 

Micro sporinm audouini 

62-83 

5 

Trichophyton purpurcuni 

83 

0 

Coccidioides immitis 

125 

2 ? 

Allcschcria boydii 

166 

5 

Unidentified mold from strawberry plant 

62 

1 

Unidentified mold from orange 

62 

2 


* See footnote Table I. 


ing concentration of protoanemonin varied 
from 1-50,000, in the case of Saccharoinyces 
ccrcvtsiae, to 1-300,000 for Cryptococcns neo- 
jormam. 

Methods atid results with protozoa. Tetra- 
hyuiena gelctp and Trypanosome gambiensc 
were two protozoa tested for their sensitivity 
to protoanemonin. Four-day cultures of Tetra- 
hymena, grown in 2% bactopeptone or pro- 
teose peptone at room temperature (26°- 
28°C), were added in 0.5 cc amounts of 4.5 
cc of peptone broth containing dilutions of 
protoanemonin varying from 1-200,000 to 
1-500,000. In the tube containing 1-200,000 
dilution of protoanemonin only a very oc- 
casional sluggish, round, small organism with 
many fine granules might be seen after one 
daj^, while in 2 days none were discernible. 
The 1-300,000 dilution produced a markedly 
modified growth but did not usuallv kill. At 
the end of 2 days the organisms were still 
small and far less active. Morphologically the 
stoma was hard to distinguish and the gran- 
ules appeared smaller and more numerous 
than in the control organisms. The protozoa 
in the tubes containing protoanemonin diluted 
1-400,000 and 1-500,000 showed increasingly 
less variation from the normal growth, which 
was distinguished by the appearance of many 
actively mobile organisms with several under- 
going fission in each field. 

The sensitivity of Trypanosome gambiensc 
was investigated by inoculating 2 drops of 

nPurfrason, tV. H., .-trc/i. Protistenhunde, 1040, 
91, 224. 


citrated infected guinea pig blood into 1 or 
2 cc amounts of IVeinman’s semi-solid cell 
free medium® containing different concentra- 
tions of protoanemonin. The cultures were 
incubated at room temperature (26°-28°C). 
The trypanosomes in the control tubes had 
grown in 5 days after inoculation. No try- 
panosomes were demonstrable in dilutions of 
protoanemonin 1-200,000 at the end of 5 days, 
whereas active organisms were present in the 
1-400,000 dilutions which appeared similar 
to those organisms in the control tubes (Table 
IV). 

In other tests the inoculum was a drop from 
a 9-day culture of T. gambiense. Growth of 
trypanosomes was absent in the 1-1,600,000 
dilution after 5 days of observation. 

Methods and results viith bacteriophages. 
.■\n investigation was undertaken to determine 
the effects of protoanemonin on coli and on 
staphylococcus bacteriophage. Two sets of 
tubes containing protoanemonin diluted 1- 
2000 in bacteriophage were prepared. One 
set was incubated at 37° C for 1^ hours, the 
other set remained at room temperature over 
night. Serial dilutions in broth from lO^ 
to 10'° were then seeded with their respective 
organisms. In the controls distilled water was 
substituted for protoanemonin. The bacterio- 
phage titer was the same in all the tests, the 
ones in which the bacteriophages were first 
incubated with the antibiotic and those in 
which distilled water was substituted for pro- 

GtVcinin,in, D., Pru)c. Soc. Exr. Bion. AKDjtnny 
1944, G5, S2. 



TABLE IV. 

Inhibition of Growth of Two Protozoa by Vnryiiig Dilutions of Bi-oto aiiemoiiin. 
Dilution of Pi'otonnonionin 
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foanemonin. The e.\penments, thus, failed to 
show any inhibitory effect of protoanemonin 
on either coJi or staphylococcus bacteriophage. ' 

Methods and results of testing influenza 
virus grown in chick embryos. In order to 
studi' the action of protoanemonin on the 
growth of influenza virus in fertile eggs, it 
was necessary, first, to determine the amount 
of protoanemonin which could be tolerated 
by the chick embryo. The tests showed that 
0.2 cc of a 1-1000, 1-2000 or 1-4000 dilution 
of protoanemonin was not toxic when injected 
2 days in succession in 11- or 12-day-old 
fertile eggs and the latter 2 concentrations 
were harmless to 10-day-old eggs. 

The treatment of influenza infected eggs 
with protoanemonin in dilutions non-injurious 
to the chick embryo then was attempted. The 
combination of 1-2000 dilution of protoane- 
monin and ICt^ or 10'® dilution of influenza 
virus killed the embryo, while the same dilu- 
tion of protoanemonin with lO"’ dilution of 
virus resulted in a viable embrj'o with a con- 
centration of virus comparable to that in 
the control eggs. The growth and titer of the 
virus in the allantoic fluid was determined 
by an Hirst' agglutination test. The eggs 
treated with 1-4000 protoanemonin and in- 
fected with the same dilutions of virus sur- 
vived, and it was evident that there was a 
multiplication of the virus as demonstrated 
fay the agglutination titer. These e.xperiments 
would indicate that a combination of proto- 
anemonin, non-toxic by itself, and influenza 
virus in adequate concentration is lethal to 
the embryo. Furthermore, where conditions 
are such that the embryo survives there is 
no evidence of inhibition by protoanemonin 
of the growth of the virus. 

Tissue culture tests. The effect of proto- 
anemonin on tissue cells was tested through 
the courtesy of Dr. Mary Parshley. Whole 
thicknesses of chicken skin were planted in 
chicken plasma diluted one-third with two 
solutions, one of which was optimal for fibro- 
blasts and the other optimal for epithelial 
cells. These two solutions contained proto- 
anemonin in concentrations of 1-1 million 
and 1-5 million, t^'hen compared with the 

~ r Hirst, G. K., .r. Exp. lOiC, 7.% 49. 
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growth of the controls, it appeared that 
protoanemonin was toxic to both fibroblasts 
and epithelial cells in 1-1 million dilution and 
inhibitorjf to growth in the 1-5 million dilu- 
tion, However, it seemed to be less inhibitory 
for both cells when they w'ere cultivated in 
the solution which favored the growth of 
epithelial cells. 

Disciissiov. Protoanemonin is of interest 
because of its wide range of activit}'. lu vitro 
it inhibits the growth not only of Gram- 
positive and Gram-negative bacteria but also 
fungi, two protozoa and fowl epithelial and 
fibroblastic tissue cells. 

The action of protoanemonin on bacteria, 
fungi and the tetrahymena involves two types 
of effect, an inhibition of the growth of the 
microorganisms and an actual killing of the 
organisms. Only the former effect has been 
considered in the data presented here. In 
most cases subcultures from the tubes con- 
taining the greatest dilution of protoanemonin 
inhibiting growth, as reported in the tables, 
would demonstrate the presence of viable 
organisms. Indeed, this frequently might be 
demonstrated by the simple procedure of 
further incubation of the original tubes. Great- 
er concentrations of the protoanemonin, how- 
ever, actually kill the organisms. This phase 
of the action of protoanemonin wilt be de- 
scribed at a later time. 

.Another factor under investigation which 
may influence the action of protoanemonin is 
the composition of the medium. It may be 
obserx’ed that the bacteria tested for sensitiv- 
ity to protoanemonin in both meat infusion 
broth and casein hydrolysate broth were in- 
hibited by greater dilutions of protoanemonin 
in the latter medium. This influence of medium 
on the sensitivity of an organism to proto- 
anenionin was apparently unrelated to the 
relative growth of the organisms in the two 
broths. Staphylococcus oxford H. Vibrio c/iol- 
crac and Pseudomonas aeruginosa grew better 
in the infusion broth, while Escherichia coli 
and Corynebacicrium xerosis grew as well or 
better in the casein hydrolysate broth. The 
casein hydrolysate medium was emploj-ed 
bccau.'c it is apparent, as seen in the tables, 
that the greatest dilution of protoanemonin 


causing inhibition of growth of a given organ- 
ism sometimes varied considerably in different 
tests. It was thought that the introduction of 
a semi-synthetic medium, more uniform in its 
composition than meat infusion broth, might 
prevent this fluctuation. It has continued, 
however, even when casein hi^drolysate broth 
was used. The explanation for this is not at 
present available. 

Certain mammalian bloods, w’hen added 
to culture media, cause -a decrease in sensitiv- 
ity to protoanemonin. For e.xample, guinea 
pig blood is highly inhibitorjf. This may con- 
tribute to the difference in the titer of activity 
of protoanemonin against Trypanosome gam- 
biense in tubes inoculated with infected guinea 
pig blood and those inoculated from culture 
media. There also is the possibility that the 
diverse forms of trypanosomes found under 
the two conditions of growth contribute to 
the variation in sensitivity. 

The method of testing the sensitivity^ of the 
bacteriophages was such that protoanemonin 
was in contact only with the resting bacterio- 
phage. Experiments to be reported indicate 
that protoanemonin is relatively harmless to 
resting bacteria and is antagonistic mainly 
during the period of active growth. It is 
therefore possible that the method was not 
suitable to indicate the effect of this agent 
on bacteriophage. The antibiotic nature of 
protoanemonin makes it difficult to evaluate 
when the organism tested requires a viable 
and actively growing substrate. Thus the fail- 
ure to demonstrate inhibition of the influenza 
virus may have been due to the fact that such 
small amounts of protoanemonin were tol- 
erated by the chick embryo that the effective 
concentration of protoanemonin for the virus 
was not achieved. 

Summary. 1. Protoanemonin inhibited the 
growth of all the aerobic and anaerobic bac- 
teria, the fungi and the protozoa tested. 2. 
The maximum dilution of protoanemonin 
which was effective against the bacteria and 
fungi varied from 1-6000 to 1-300,000. 3. 
The anti-bacterial activity of protoanemonin 
was independent of the acidity of the medium, 
the size of the inoculum and the age of the 
culture, within the limits tested. 4. The two 
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protozoa were prevented from growing in 
dilutions of protoanemonin ranging from 
1-200,000 to .1-1,600,000. 5, No inhibition 
bj”- protoanemonin of the growth of the two 
bacteriophages and the influenza virus was 


demonstrable b}^ the techniques employed. 6. 
A dilution of 1-1,000,000 protoanemonin was 
toxic for chicken tissue culture epithelial and 
fibroblastic cells. 
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Determination of O 2 Capacity on 39.3 Cubic Millimeters of Blood. 

Wilson C. Grant. (Introduced by Walter S. Root.) 

J^roTii the DepaHtncTii of Physiology^ College of Physicions and SurgeoiiSf Colmnhia University^ 

S'ew Tori: City. 


In a recent study of bone marrow blood 
gases^ in which the use of minimal sample 
volumes was imperative, estimation of O 2 
capacity was necessary. The current proced- 
ure used for such determinations involves 
aeration of blood after which the O 2 content 
is determined. This technique has been used 
by Roughton and Scholander^ and by Lilien- 
thal and Riley.® Preliminary aeration was 
carried out in a separate vessel with O.S or 
more cc of blood although only 39.3 emm 
were used for the O 2 determination. When 
blood is aerated in a flask or syringe, a certain 
amount of plasma is lost by evaporation as 
well as by adherence to the sides of the vessel. 
Should quantities of blood smaller than O.S 
cc be used, concentration of the red cells 
becomes greater. To avoid the errors inherent 
in separate aeration and to reduce the amount 
of blood required, the micro method of Rough- 
ton and Scholander has been modified so that 
the O 2 capacity can be determined on a 
total blood sample of only 39.3 cmm. 

Apparatus. The Roughton-Scholander syr- 
inge and pipette (Roughton and Scholander®) 
are employed. A second mark (designated 
“upper mark”) is scratched on the syringe 
cup at a distance above the existing one such 

1 Grant, W. C., and Hoot, '1778., Fed. Proc., 1947, 
6, 114. 

2 Houghton, P. J. and Scholander, P. P-, 
J. Biol. Chem., 1943, 148, 541. 

3 Lilienthal, J. I/., Jr., and Biley, E. L., J- Chn. 
Invest., 1944, S3, 904. 


that the volume of the cup as measured be- 
tween the two marks is approximately 25 
cmm. Since the diameter of most cups is 2.5 
mm, the upper mark ma)'- be made 5 mm 
above the first. In the estimation of O 2 ca- 
pacities e.vceeding 16 vol % the syringe 
with the SO unit capillary is necessary. 

Reagents. In addition to those listed by 
Roughton and Scholander Q.9% NaCl is re- 
quired. 

Sampling blood. From a finger prick or a 
needle inserted in a vessel, blood is sucked 
directly into the 39.3 cmm pipette which has 
been previously flushed with anti-coagulant 
solution (heparin) and dried in a current of 
air. 

Procedure. 1. The syringe is flushed 3 times 
with separate portions of saline, emptied, and 
the cup filled to the lower mark with saline. 

2. The pipette is filled to its mark with 
blood; its tip is passed carefully into the cup 
containing saline and pressed firmly against 
the bottom. 3. Blood is sucked into the s)t- 
inge by a smooth withdrawal of the plunger. 
Once the pipette is emptied it is quickly re- 
moved and the saline in the cup is drawn in 
after the blood. 

4. The blood-saline mixture is lowered far 
enough into the syringe to permit entrj' of an 
air volume of approximately I.O cc. 

5. The syringe is then rotated for 5 minutes 
on its long axis with an occasional rotation 
at right angles to spread a small layer of blood 
over the inside of the syringe and thus ensure 
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TABLE I. 

Comparison of Osygcn Capacities of Blood by 
Scndroy Sletbod (1.0 cc) and Micrometbod 
(39.3 cmm). 


Sendroy, 
Vol. % 

Micro, 
Vol. % 

DiHerenee, 
Vol. % 

Hct. (Van. Allen), 
% 

1 

20.3 

20.2 

—0.1 

45.9 

19.6 

19.8 

-F0.2 

44.5 

15.2 

15.1 

—0.1 

35.9 

16.7 

10.8 

-fO.l 

37.3 

17.1 

17.2 

-fO.l 

40.8 

14.5 

14.2 

—0.3 

35.9 

12.5 

12.S 

-fO.3 

30.8 

10.5 

10.4 

—0.1 

24.1 

15.8 

15.7 

—0.1 

38.0 


uniform exposure of blood to the air. Once 
a minute during this procedure the air is re- 
newed by alternately running the blood up 
to the capillary and lowering to the 1.0 cc 
mark. In certain syringes the formation of 
transverse blood films makes the expulsion 
of air without loss of blood difficult. The ad- 
dition of 2 capillary divisions of caprylic al- 
cohol alleviates this condition. 

6. Air is e.xpelled and blood-saline pushed 
up to the bottom of the cup. The cup is filled 
to the upper mark with ferricyanide solution, 
and the solution is then lowered to the bottom 
of the cup. 

7. Two divisions of capr 3 dic alcohol are 
drawn into the top of the capillarj’' and the 
cup emptied. 

8. Acetate buffer is added to the upper 
mark and tlie original Roughton-Scholander- 
(page 545) procedure for O 2 content is then 
followed. 

Blank dctcrminalion. To obtain a blank 
value for reagents as well as for physically 
dissolved oxygen of the blood, an analysis 
is performed exactly as indicated above; but 
instead of delivering the usual 39.3 cmm 
of blood, 43.3 cmm of 0.9% NaCl is sub- 
stituted. For this purpose a mark indicating 
43.3 cmm volume, or 110% of the usual 39,3 
cmm volume, is scratched on the pipette. 
Sendroy ct aid have shown that for practical 
purposes 1.1 cc of aerated saline solution con- 
tains the same volume of physically dissolved 
O 2 as 1.0 cc of blood. 

Calculatious. Calculation of results follows 

Sendroy, .T., .Tr.. Dillon, B. T., .ana V.m Sljkc, 
D. D., J. Biol. C/ifri., 1934, 103, 597. 


that described by Roughton and Scholander.- 

Aeration 0 } blood. Quite unexpectedly com- 
plete saturation of the blood mixture is ob- 
tained in onl}' 5 minutes. This is accomplished 
by the vigorous rotation of the blood with air 
which is e.xpelled and replaced with fresh air 
at intervals of a minute, as described above. 
The ratio of total air to liquid volume is ap- 
pro.ximately 100 to 1. That a longer time 
of aeration does not increase the O 2 content 
was demonstrated by noting that, on the 
same blood, two determinations after 5 min- 
utes aeration showed O 2 capacities of 17.0 
and 16.8 vol % and two others after 10 min- 
utes of aeration, 16.9 and 16.9 vol %. 

Accuracy oj method. The O 2 capacity as 
determined on 1 .0 cc of blood with the stand- 
ard method of Sendroy’ was compared with 
that measured upon 39.3 cmm of the same 
blood with the micromethod. These analyses 
were performed b\' 2 individuals, one using 
the Sendroy method and the other the micro- 
method. The results obtained on 6 dogs 
are shown in Table 1. Hematocrit values 
measured with Van .■Mien® tubes are 
included for reference. The agreement be- 
tween the 2 procedures was good, the maxi- 
mum difference being 0.3 vol %. 

Successive measurements performed on the 
same sample b\' the micromethod yielded 
variations of similar magnitude as demon- 
strated in the following 2 samples; (a) 15.5, 
15.6 vol % and (b) ri.2, 11.4, 11.2 vol %o. 

Discussion. The Roughton-Scholander mi- 
cromethod for the measurement of the O 2 
content of blood has been modified so that 
O 2 capacity can be determined on a total 
blood sample of 39.3 cmm. Since the blood is 
both aerated and analyzed in the same appar- 
atus the transfer from aeration vessel to 
Roughton-Scholander stvinge is avoided. The 
elimination of this step which is required 
when aeration is carried out in a separate 
vessel avoids the possibility of analyzing 
blood which contains a concentration of red 
cells unlike that obtained from the subject. 

The method permits the estimation of Oo 

= Sendroy, J,, Jr., J. Biot. Chem., 1931, 91, 307. 

C V.in Allen, C. 31,, J. Lat). and Clin, ited., 1923, 
10, 1027. 
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capacity on blood obtained from a finger 
.prick. It should prove useful where measure- 
ments are needed on small animals such as 
mice or rats or under conditions where veni- 
puncture is difficult or undesirable, as in pre- 
mature infants. 

Stmimary. The Roughton-Scholander mi- 
crogasometric procedure has been modified 


to provide a simple and accurate micromethod 
for the determination of the 0^ capacity of 
blood. Only 39.3 cmm are required and an 
analysis may be completed in 10 to 12 min- 
utes. O 2 capacities obtained by the micro- 
method agree well with those measured by 
the Sendroy macromethod, the average differ- 
ence being ±0.16 vol %. 
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The evidence that the clearance of inulin 
in man is a measure of the rate of glomerular 
filtration, although necessarily indirect, seems 
fairly conclusive.^ Other studies by Smith 
and his colleagues* have suggested that a 
number of hexitols (including mannitol) are 
excreted solely by glomerular filtration. Final- 
ly, Gilman has reported’"* that the clearance 
of thiosulfate is also a measure of the filtra- 
tion rate. 

Recently, a patient was observed in this 
laboratory whose inulin clearance was found 
to be 144 ml per minute, but whose mannitol 
clearance, 3 months later, was 94 ml per min- 
ute. Since this patient had no demonstrable 
kidney disorder and since there was no reason 
to expect any significant change in renal 
function during the elapsed period, it appeared 
likely that inulin and mannitol clearances are 
not always identical. Further observations 

* The work described in this paper was sup- 
ported by a grant from the Carnegie Corporation 
of New York. 

1 Smith, H. 'W., Physiology of the Kidney, Os- 
for^ TTniversity Press, New Tort, 1937. 

2 Smith, W. W., Pinkelstcin, N., and Smith, 
H. VI., d. Biol. CUem., 1940, 133, 231. 

3 Nc^vman, E. V., Gilman, A., and Philips, P. S., 
Bull. Johns Hopkins Uosp., 1946, TO, 229. 


on this point, therefore, were undertaken and 
form the basis of this report. 

Some support for the belief that the man- 
nitol clearance is less than that of inulin is 
obtained from published reports. The most 
extensive series of observations on the inulin 
clearance in normals is that of Smith and his 
colleagues^ who found the average value of 
131 ml per minute with a standard deviation 
of 21.S ml per minute in 67 males, and an 
average of 117, with a standard deviation of 
15,6, in 21 females. The findings of most 
other investigators are in line with those of 
Smith and are summarized in Table I. .Mso 
included are previously unpublished data from 
this laboratory. The average inulin clearance 
for the entire group of 133 males is 128 ml 
per minute. In contrast, the average mannitol 
clearance in 52 males is 116 ml per minute. 
The difference between the mean mannitol 
and inulin clearances among the male patients 
is statistically significant. There is little dif- 
ference between the mannitol and inulin clear- 
ances among the female patients. 

There are but few published data on direct 
comparisons between mannitol and inulin 

^ Smith, H, W., Lectures on the Kidney, Univer- 
sity of rc.nnsas, Extension Dirision, 1943. 
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TABLE T. 


Summary of Tuuliii and Mannitol Clearances in Normal Human Subjects Keportoa from Various 
Laboratories. All values arc corrected to a surface area of 1.73 sq. ni. 




Male 



Female 



' 

Mean 


t 

Mean 



No. of 

clearance 

Standard 

No. of 

clearance 

Standard 

Autlior 

subjects 

ml/mln. 

deviation 

subjects 

ml/min. 

deviation 




Inulin. 




Smitli-' 

07 

131 

23.5 

21 

117 

15.6 

Tills laboratorv* 

26 

126 

17.1 

7 

111 

16.5 

Fricdm.nnB'" 

16 

129 

30.6 

5 

120 

14.0 

Bradlcv'2 

S 

114 

15.0 

0 

128 

19.5 

FoaS 

7 

117 

30.8 




Miller^ 

5 

115 

16.4 




Talbottio 

4 

150 

35.8 




Tot.al group 

133 

128 

23.5 

39 

119 

16.4 

Standard error 

of tbe mean; 

2.04. 







Mannitol. 




Tills laboratorv* 

23 

Ill 

17.8 

0 

108 


Bradlcvi2 

10 

141 

43.0 

23 

124 

18.9 

Nowmantil 

9 

103 

15.6 




KIoppis 

6 

117 

23.8 




LausoH}!-! 

4 

107 

25.5 

1 

125 


3’otal group 

S2 

116 

28.6 

20 

123 

24.5 

Standard error of the mean: 

3.97. 






Standard error of the difference of the means for males: 4.40, t = 2.69. Probability of 
such a difference occurring by cliance, le.ss than 0.007. 

• Includes published-'' and unpublished data. 

t Estimated from Fig. 4 of the paper by Nervman et nlM 

t Data derived from patients 17-70 d.ays after recovery from shock. 


clearances. The average ratio of mannitol to 
inulin clearance in 8 observations on 6 pa- 
tients reported in the original paper on man- 
nitol- was 0.99 with a range of 0.96 to 

I. 03. One of these patients had hypertension. 
2 were normal ante-partum females, while 
the remainder had preeclampsia. Eight com- 
parisons were reported'’ among 7 patients 

Earle, D. P., Taggart, .T, V., and Shannon. 

J. A.. .T. Clin. Invesl., 1944, 23, 119. 

f< Friedman, Selzer, A., and Ensenblum, IL, 
J. Clin, /iiro.'ct., 1941, 20, 107. 

“ Friedman, M., Sclr.cr, A., Siigarman, .T.. and 
Roknlo-iv, M., Am. J. Med. Sc., 1942, 204. 22. 

«Fo:i, P. P., Woods, W. W., Feet, M. M., and 
Foa, N. E., Arch. Ini. Med., 1942, flO, S22. 

n Stiller, B. F., Alving, A. S., and Rubin, J., 
,7. Clin. Int c.ct., 1940, 19, S9. 

H> Talbott, .T. It, Pocora. L. . 1 ., Melville, E. S., 
and Cousolazio, W. V., J. Clin. Invc.tt., 194 " 
ai, 107. 

Newman, E. X., Bordlcy, ,T., and Winternitz, 
J.. Unit. John.'! JTopl.in.'! llo.cp., 1944, To, 253. 

1 - Bradley, S. E.. per.'^onal comraunicatUm. 
J^KInpp, c.. Young, N. T.. and Taylor, 11. C., 
J. Clin. Jnve.'it., 194."). 2-J. 31T, ISO. 


with various degrees of renal functional im- 
pairment due to glomerulonephritis. The 
mean ratio was 0.96, with a range of 0.92 to 
1.03. Lauson and his colleagues reported^^ 
a mean mannitol to inulin clearance ratio of 
0.90 among 5 patients suffering from shock. 
The authors state, however, that they were 
e.\periencing minor technical difficulties with 
the inulin method and that “. . . it appears 
likely that the average difference of 10% 
represents a systematic technical error rather 
than a true difference in clearance.” It is 
to be noted that the majority of the reported 
comparisons between mannitol and inulin 
clearances were performed in patients who 
either did have or probably had some renal 
abnormality. Three comparisons between the 
mannitol and creatinine clearances were per- 
formed in 2 dogs and are reported in the 
original paper on mannitol.- In one dog, the 
ratio was 0.9S. but both e.vperiments in the 
other animal yielded a ratio of 0.92. 

»L,nu5on. H. D., Bradley, S. E., und Cournuud, 
A.. J. Clin. Jnve.'it.. 1944, 2.3, 3S1. 
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Methods. All inulin and mannitolt clear- 
ances reported in this .paper for man were 
performed in patients with no demonstrable 
renal abnormalities, and represent the average 
of at least 3 consecutive periods. Urine was 
collected by a many-eyed catheter, with blad- 
der rinses with sterile water, followed by an 
injection of air. Creatinine clearance was used 
as the standard of comparison in similar 
studies in the dog. 

Chemical. Inulin was measured by Harri- 
son’s modification^" of the Alving method.^® 
The urines as well as the plasmas were yeasted 
so that an}' possible adsorption of inulin on 
yeast would not constitute an error in the de- 
termination of the inulin clearance. Mannitol 
■ was measured in some instances by a modifica- 
tion® of Smith’s technique^'' and, in all experi- 
ments, by the chromotropic acid method of 
Corcoran and Page.^® Creatinine was esti- 
mated by a modification of the Folin proce- 
dure.^® 

Since much of this study was based on 
simultaneous mannitol and inulin clearances, 
it was important to investigate any possible 
interference of one substance with the chem- 
ical determination of the other, in these 
experiments, the concentration of substance 
run through its specific analysis was in the 
range utilized in the clearance studies, while 
the possible interfering substance was added 
both at the concentration used in the clear- 
ances and in excess. Each study was done 
in duplicate. The results of the examination 
of the inulin procedure will be presented in 
detail. 

One mg percent and 10 mg % solutions 

t The mannitol used in these studies ivas obtained 
through the courtesy of Dr. Karl Beyer of Sharp 
& Dohme, Ino. 

15 Harrison, H. E., Pkoc. Soc. Exp. Biol, and 
Med., 1942, 49, 111. 

10 Alving, A. S., Eubin, X, and Miller, B. P., 
J. mol. Chem., 1939, 127, 609. 

IT Goldring, W., and Chasis, H., Hypertension 
and Hypertensive Disease, Commonwealth Press, 
19ii. 

IS Corcoran, A. C., and Page, I. H., Ded. Proc., 
1946, 5, 130, 

39 Bolin, O., and IVu, H,, J. Biol. Chem., 1919, 
38, SI. 


of mannitol reacted with diphenylamine re- 
agent as in the inulin procedure gave readings 
identical to water treated in the same manner. 
A 1 mg % standard inulin solution gave the 
same result when run through the reaction 
above or in the presence of 1 to JO mg % 
mannitol. Five, 10, and 15 mg % inulin 
standards, yeasted and then run through the 
diphenylamine reaction, resulted in a mean 
recovery of 99.Sfo compared to aqueous 
non-yeasted solutions, while the mean 
recovery for a similar series of inulin stand- 
ards was 99.6% in the presence of ISO rag 
% mannitol. The mean recovery of 10, IS, 
and 25 mg % inulin solutions when added 
to normal plasma was 98.8% and when added 
to plasma containing 100 mg % mannitol, 
was 97.6%. The addition of ISO mg % 
mannitol to normal plasma had no effect 
on the apparent inulin blank, nor did 150 
mg % mannitol solution change the ap- 
parent concentration of inulin in the plasma 
of a patient receiving this material. Finally, 
the presence or absence of mannitol in urine 
containing inulin made no difference in the 
result obtained with the inulin reaction. The 
urines in these studies were yeasted. 

Similarly, the presence of inulin did not 
alter the analysis of mannitol by the chromo- 
tropic acid method, either in aqueous solutions, 
in plasma, or in urine, the recovery of man- 
nitol in all these circumstances ranging from 
99 to 101% whether or not inulin was present, 
Inulin also did not alter the apparent plasma 
blank for mannitol. Inulin did not interfere 
with the analysis of mannitol by the titration 
method, either in aqueous solutions or after 
yeasting. 

Results. Simultaneous inulin and mannitol 
clearances were performed as 9 separate ex- 
periments in 8 normal subjects. In each in- 
stance, the mannitol clearance was less than 
that of inulin, the mannitol to inulin clearance 
ratio ranging from 0.79 to 0.96. The mean 
inulin clearance for the group was 125 ml 
per minute, the mean mannitol clearance was 
109, }'ielding a mean clearance ratio of 0.S7. 
These data are summarized in Table 11. hlan- 
nitol was measured by Smith’s titration meth- 
od as well as by the chromotropic acid method 
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TABLE II. 

CompaTison of Lwlin and Mannitol Clearances in Miilcs. 

All values rciiresoiit tlic average of 3 or more consecutive periods and are corrected to a surface area of 

1.73 sq. m. 


P.Ttient 

Age 

Date 

Inulin 

clearance 

ml/min 

Mannitol 

clearance 

jnl/min 

Clearance Control 
ratio inulin 

aiaunitol/ clearance 
inulin ml/miii 

Lcerca.sc 

after 

mannitol 

% 

Control 

mannitol 

clearance 

ml/miu 

Decrease 
after 
inulin 
• % 

L:is 

40 

1/2 

142* 









2/20 

141* 









4/11 

139 

118 

0.85 

158 

12.0 



Sol 

42 

4/9 

105 

101 

0.00 

124 

14.8 



.NteC 

31 

4/18 

155 

140 

0.90 

134 

11.5 



War 

34 

3/20 

138 

109 

0.79 







4/15 

lie 

110 

0.95 

JOO 

0.1 



.\Iv. 

40 

4/23 

120 

112 

0.89 




7.9 

V:ul 

30 

4/28 

150 

123 

0.79 



134 

8.4 



5/15 

144* 







.Mor 

40 

3/24 

110* 









4/7 

90.5 

84.8 

0.87 





Sell 

4S 

3/10 

90.0 

94.0 

0.88 





Avg 



125 

109 

0.87 

135 

11.1 




* Not included in average. 


in 2 of the e.xperiments. The results were 
identical for both methods. In 4 of the studies 
shown in Table II, control inulin clearances 
were measured prior to the infusion of man- 
nitol. The inulin clearance was lower after 
mannitol in eadi instance, the average depres- 
sion being 11.1%. The reverse experiment, 
wherein control mannitol clearances were ob- 
tained before the administration of inulin, 
resulted in smaller and transient depressions 
in mannitol clearance. The average decreases 
in mannitol clearance were 7 and 8^, but in 
each instance the mannitol clearance had 
almost returned to control values within one 
hour after the mannitol injection. In several 
patients (Las. Mor, and Vad, Table II), in- 
ulin clearances alone were performed on 
another date. In each instance, the inulin 
clearance done separately more closely ap- 
proximated the inulin than the mannitol value 
when the two were done simultaneously. 

The creatinine clearance is generallj’- be- 
lieved to be a measure of glomerular filtration 
rate in the dog. For this reason, mannitol and 
inulin clearances were compared separately 
to that of creatinine in 3 unancslhelized fe- 
male dogs. Those data are summarized in 
Table 111. The mean inulin to creatinine 
clearance ratio was 1.01, while the mannitol 
to creatinine clearance ratio in the same 3 
dogs was 0.S8. 


Although metabolic alteration of a com- 
pound does not preclude its use as a measure 
of glomerular filtration rate by urine collec- 
tion techniques, the application of the con- 
stant infusion technique-*’ requires that there 
be no metabolic alteration of the substance. 
If the renal clearance of a substance, as meas- 
ured by urine collections, is less than the clear- 
ance as measured by the infusion technique, it 
may be concluded that some of the substance 
is metabolized. The ratios of tlie clearances 
of mannitol as measured b}' the two techniques 
ranged from 0.75 to 1.00, with an average of 
0.88. The mean urine to infusion pump clear- 
ance for inulin on 31 subjects yielded a ratio 
of 1.02.-' ill 3 normal subjects, 80, SS, and 
90% of administered mannitol was recovered 
from the urine collected for 24 hours after 
the dose. Smitli and liis co-workers" likewise 
found 81 and 89% recovery of mannitol dur- 
ing the I0)A.hour period after the dose, but 
in similar experiments with inulin, recovered 
95 and 97% in the same 2 patients. 

Discussion. The mannitol clearance has 
been found to be consistently lower than the 
simultaneously measured inulin clearance in 
9 patients with no demonstrable renal dis- 


20 Earle, D. P., and Berliner, B. 'W., Pnoc. Soc. 
Exp. BtoL. axo Med., lO-lC, «3, 202. 

21 irnpiiMislicd data. 
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Methods. All inulin and mannitolt clear- 
ances reported in this .paper for man were 
performed in patients with no demonstrable 
renal abnormalities, and represent the average 
of at least 3 consecutive periods. Urine was 
collected by a many-eyed catheter, with blad- 
der rinses with sterile water, followed by an 
injection of air. Creatinine clearance was used 
as the standard of comparison in similar 
studies in the dog. 

Chemical. Inulin was measured by Harri- 
son’s modification^® of the Alving method.^® 
The urines as well as the plasmas were yeasted 
so that any possible adsorption of inulin on 
yeast would not constitute an error in the de- 
termination of the inulin clearance. Mannitol 
• was measured in some instances by a modifica- 
tion® of Smith’s technique^’’ and, in all e,xperi- 
ments, by the chromotropic acid method of 
Corcoran and Page.^® Creatinine was esti- 
mated by a modification of the Folin proce- 
dure.i® 

Since much of this study was based on 
simultaneous mannitol and inulin clearances, 
it was important to investigate any possible 
interference of one substance with the chem- 
ical determination of the other, in these 
experiments, the concentration of substance 
run through its specific analysis was in the 
range utilized in the clearance studies, while 
the possible interfering substance was added 
both at the concentration used in the clear- 
ances and in excess. Each study was done 
in duplicate. The results of the examination 
of the inulin procedure will be presented in 
detail. 

One mg percent and 10 mg % solutions 

f The mannitol used in these studies ivas obtained 
through the courtesy of Dr. Karl Beyer of Sharp 
& Dohme, Inc. 

13 Harrison, H. E., Peoc. Soc. Exp. Bior.. akd 
Med., 1942, 49, 111. 

1C Alving, A. S., Rubin, J., and Miller, B. F., 
J. Biol. Chem., 1939, 127, 609. 

17 Goldring, W., and Chasis, H., Hypertension 
and Hyperterisive Disease, Commomvealth Press, 
1944. 

IS Corcoran, A. C., and Page, I. H., Fed. Froc., 
1946, o, 130. 

19 Eolin, O., and "Wu, H., J. Biol. Chem., 1919, 
38, 81. 


of mannitol reacted with diphenylamine re- 
agent as in the inulin procedure gave readings 
identical to water treated in the same manner. 
A 1 mg fo standard inulin solution gave the 
same result when run through the reaction 
above or in the presence of 1 to 10 mg % 
mannitol. Five, 10, and 15 mg 9° inulin 
standards, j'-easted and then run through the 
diphenylamine reaction, resulted in a mean 
recover}^ of 99.5% compared to aqueous 
non-yeasted solutions, while the mean 
recover}'^ for a similar series of inulin stand- 
ards was 99.6% in the presence of 150 mg 
% mannitol. The mean recovery of 10, 15, 
and 25 mg % inulin solutions when added 
to normal plasma was 98.8% and when added 
to plasma containing 100 mg % mannitol, 
was 97.6%. The addition of 150 mg % 
mannitol to normal plasma had no effect 
on the apparent inulin blank, nor did 150 
mg % mannitol solution change the ap- 
parent concentration of inulin in the plasma 
of a patient receiving this material. Finally, 
the presence or absence of mannitol in urine 
containing inulin made no difference in the 
result obtained with the inulin reaction. The 
urines in these studies were yeasted. 

Similarly, the presence of inulin did not 
alter the analysis of mannitol by the chromo- 
tropic acid method, either in aqueous solutions, 
in plasma, or in urine, the recovei}'^ of man- 
nitol in all these circumstances ranging from 
99 to 101% whether or not inulin was present. 
Inulin also did not alter the apparent plasma 
blank for mannitol. Inulin did not interfere 
with the anal3'sis of mannitol by the titration 
method, either in aqueous solutions or after 
yeasting. 

Results. Simultaneous inulin and mannitol 
clearances were performed as 9 separate e.x- 
periments in 8 normal subjects. In each in- 
stance, the mannitol clearance was less than 
that of inulin, the mannitol to inulin clearance 
ratio ranging from 0.79 to 0.96. The mean 
inulin clearance for the group was 125 ml 
per minute, the mean mannitol clearance was 
109, jdelding a mean clearance ratio of 0.87. 
These data are summarized in Table II, Man- 
nitol was measured by Smith’s titration meth- 
od as well as by the chromotropic acid method 
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Dental Caries in the Cotton Rat IX. Effect of Milk Rations^ 

E. POXTS Aistjersox, J. Kxox SiniH, C. A. EL\-EHjEir, axd P. H. Phillips. 
Trom ihe Department of Biochemistry, CoVeyc of Aorieuiitire, University of TTisconsin, 

Hladison. 


Investigations in this laboraton’ on the 
experimental production of dental caries in 
the cotton rat showed that the molars of this 
animal were high!}- susceptible to decay when 
the rat was fed a dr\- ration high in fermen- 
table sugar.’-- In contrast to this, animal- 
fed on a diet consisting of liquid whole milk 
were found to be completely free of caries.® 
The consumption of a diy ration approxi- 
mating mUk solids in composition resulted in 
a low incidence and e.xtent of carious lesions, 
although protection was not complete, as it 
was in the case of the liquid milk. The pro- 
tection afforded by milk is as great as, or 
greater than, that found with an\- other ra- 
tion. and further stud,v of this effect there- 
fore seemed important. Two approaches 
were made; (1) fermentable sugars known to 
be highly cariogenic when fed as the carbo- 
hydrate portion of dry rations were added 
to the liquid milk diet; and (2) supplements 
of milk were given to animals being fed the 
cariogenic control ration. 

Experimental. The cotton rats used in 
these experiments were raised in our own 
stock colony and placed on e.xperiment at 
weaning (20-25 g). .Animals from each 

* Publisliod with the approval of the Director of 
the 51150013510 Agricultural Experiment Station. 
Supported in part by grants from the Nutrition 
Foundation. Inc., Xcw Tork, and the National 
Dairy Council, Chicago. 

VTe arc indebted to Merck and Company, Bah- 
way, N..T.. for the crystalline vitamins: and to 
Abbott Laboratories, North Cliicago, IlL, for the 
iialibut liver oil. 

t Shaw, ,T. n., Sclnveigcrt, B. S., Mclntirc. J. M.. 
Elvchjem. C. and Phillips, P. H.. J. Xutr.. 
1P44.28, 333. 

- Schweigert, B. S., Shaw, .T. H., Phillips, P. H., 
and Elvchjem. C. A., J. Xiitr., 1945, 29, 405, 

3 Schweigert, B. S., Shaw. J. H., Zepplin, M.. and 
Elvchjem, C. A., J. Kvtr., 1P4G, 31, 439. 


litter were distributed as equalh' as possible 
among the control and e.xperimental groups, 
since susceptibility to dental caries has been 
found to varj- among different litters.’ The 
animals were kept on e.xpsriment for 14 
weeks, during which time their weights were 
recorded at bi-weekl\' intervals. -At the end 
of the e.xperimental period, the animals were 
killed, and the incidence and extent of car- 
ious lesions in each animal were evaluated 
by the method of Shaw and his associates.’-® 
The control animals were fed a sucrose ra- 
tion (S02) previously found to be highly 
cariogenic.r The liquid whole mOk ration 
was fortified with minerals (iron, copper and 
manganese) and with 1:20 liver extract as 
described by Schweigert and co-workers.® 
The carbohydrate (sucrose, glucose or de.x- 
tri-maltose) was added to the milk at a 5% 
or 10^ level. This, together with liver ex- 
tract. was homogenized into the milk in a 
Waring blendor. These diets were fed ad 
libitum. In one group milk was fed in addi- 
tion to the S02 ration. In this case the milk 
was fed ad libitum, but the intake of ration 
S02 was limited to 63^ of that of the con- 
trols (802 ration only) in order to induce 
greater consumption of the milk. The milk 
consumed constituted roughly one-third of 


-I Schweigert, B. S., Shaw, J. H., Elvchjem, C. A., 
•and Pliillips, P. H., Peoc. Soc. Exp. Biol, -xxd 
Med., 1945, o9, 44. 

5 Shaw, J. H., Schweigert, B. S., Elvehjem, C. A., 
and Phillips, P. EL, J. Dent. Bes., 1944, 23, 417, 
f Tills ration consisted of 67Te sucrose, 2497 
casein, 592 com oil and 49c salts Ft', Four per 
cent of 1:20 liver extract was added at the expense 
of the entire ration. Adequate quantities of the 
B -vitaminsC -uere added to the ration, and each 
rat received one drop of halibut liver oil per week. 

CMcInfire, J. ML, Schweigert, B. S., and Elvc- 
Iijem, C. A., J. A'utr., 1944, 27, 1. 
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Renai Excretion of Mannitol 
table hi. 

Gouiparison of Inulin and Alannitol to Croatiuine Gieatanccs in Bogs. 
All valuos represent tlio average of 3 or more consecutive poriods. 


OJearances, ml/min ; Batios 


Dog No. 

Creatinine 

Inulin 

% 

Mannitol 

/ J-- — 

Inulin/ creatinine Mannitol/creatiuine 

I 

52.0 

53.0 


1.02 


66.2 


59.5 

0.90 

S 

51.5 

53.2 


1.01 


39.7 


33.9 

0.S5 

3 

69.3 

69.2 


1.00 


62.4 


55.S 

0.89 





Avg 1.01 0.S8 


orders. In addition, the mannitol clearance is 
less than the simultaneous creatinine clear- 
ance in the dog, while the inulin clearance has 
been consistently equal to the creatinine clear- 
ance. Recently, Smith and his co-workers— 
have found that mannitol clearances are less 
than creatinine in the dog. Corcoran^ has 
found an average mannitol/inulin clearance 
ratio of 0.902 with a standard error of 0.017 
for 42 observations in dogs and human beings. 
The mannitol/creatinine clearance ratio in 
the dogs averaged 0.872 with a standard er- 
ror of 0.013, and the average mannitol/thjo- 
sulfate clearance ratio in dogs was 0.89. 
Hoobler-* observed an average mannitol/- 
fhiosulfate clearance ratio of 0.89 with a 
standard deviation of 0.07 in 52 observations 
in 14 patients. 

It also appears that the administration of 
mannitol by intravenous infusion results in 
a small but significant decrease in the inulin 
clearance and presumably in the glomerular 
filtration rate. This action is not necessarily 
due to the mannitol itself, but may be the 
result of other substances contained in the 
mannitol preparation and is presumably due 
to alterations in the glomerular hemodynam- 
ics. 

The evidence summarized by Smith^ for 
the belief that inulin is a measure of glome- 
rular filtration rate in man is very strong. 
TMs belief is strengthened by the identity 
between inulin and creatinine cJearances in 
the dog. it being generads' believed that cre- 
atinine clearance is a measure of filtration 

22 Brode, J., et a?., to bo published. ^ 

23 Corcoran, A. G., personal commnmcaUon. 

24 Hoobler, S. W., personal communication. 


rate in this species. For these reasons, it 
seems probable that the discrepancies between 
mannitol and inulin clearances are due to re- 
absorption of a small proportion of filtered 
mannitol by the renal tubules. 

It appears likely, therefore, that mannitol 
cannot be used as a precise measure of 
glomerular filtration rate in man. Since some 
mannitol undergoes metabolic alteration, it 
certainly cannot be utilized for the measure- 
ment of filtration rate by the infusion pump 
technique. It should be noted that mannitol 
is an excellent osmotic diuretic, and that al- 
though thiosulfate appears to be a measure 
of filtration rate, it in itself is an electrolyte 
and in its excretion must carry with it its 
equivalent cation. For these reasons, neither 
mannitol nor thiosulfate is ideal for the meas- 
urement of filtration rate during the course 
of experiments directed toward the stud,v of 
water or electrolyte excretion. Inulin, there- 
fore, remains the substance of choice for the 
measurement of glomerular filtration rate in 
man under the widest variety of circumstances. 

Conclusions. 1 . The renal clearance of man- 
nitol is frequently less than the simultaneous 
clearance of inulin in man. 2. The intra- 
venous injection of mannitol depresses the 
iaulia clearance in man. 3. The clear- 
ance of inulin is equal to that of creatinine 
in the dog, but the mannitol clearance 
is usually less than that of creatinine. 

4. Mannitol undergoes metabolic alteration in 
man, and therefore, cannot be utilized in the 
infusion pump technique for measuring the 
rate of glomerular filtration. 5. Inulin appears 
to be the most generally useful substance for 
the measurement of glomerular filtration in 


man. 
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averages being 14 and 25-}- for the experi- 
mental animals as compared with 31 and 
78-L for the controls. Thus, the replace- 
ment of approximately one-third of the cal- 
oric intake by liquid milk resulted in a low- 
ered caries score. 

Discussion. From these data it appears 
that a diet of liquid whole milk is protective 
against dental caries in the cotton rat. Even 
in the presence of fairly high levels of fer- 
mentable sugars, it e.xerts a protective action. 
The protection is less, but evident, when a 
cariogenic dry ration is fed in addition to 
the milk. Since it is probable that such pro- 
tection is the result of a combination of fac- 
tors, it is difficult to speculate on the mech- 
anism involved. 

On a percentage basis the composition of 
these milk diets, even with the carbohydrate 
additions, resembles that of a ‘•'medium faf’ 
ration used in earlier experiments.®'' In pre- 
vious work all dry rations with this medium 
fat level have given partial protection against 
caries, although scores have not usually been 
as low as they were on these milk diets. 

The kind of carbohydrate may also have 
been important. The carbohydrate portion 
of these diets was at least partially lactose, 
which appears from our preliminary evidence 
to be somewhat less cariogenic than the more 
fermentable sugars. The effects of the var- 
ious fermentable sugars, however, seem to 
be similar. The caries scores on the milk 
plus carbohydrate rations showed consider- 
able variation; there appeared to be no con- 
sistent trend, and overlapping of individual 
scores occurred. In dry rations of the me- 
dium fat level, these same sugars — sucrose, 
glucose and dextri-maltose — showed no sig- 
nificant differences in caries production.' 

The differences in caries scores between 
the rats fed only a liquid diet and those re- 
ceiving dry ration in addition suggests that 
the physical state of the ration may play a 
considerable role in the protective action. In 
the liquid diets carbohydrates were consumed 

•: ScLwcigcit, B. S., Potts, E., S)ja\v, J. H., 
ZcupVm, M., and Phillips, P. H., ,T. ,VuJr.. 1946, 
552, 403, 


in the dissolved state, and it is possible to 
attribute the protection e.xhibited to a lack 
of mastication or to the fact that the carbo- 
ht'drates probably remained in the mouth for 
a comparatively short time. The lower growth 
rates of the animals on the liquid diets, as 
compared with their controls, indicate that 
a difference in caloric intake may also have 
been a contributing factor. 

In this connection it is interesting to note 
the possible effect of the condition of the fat, 
which e.vists in relatix’eh' free form in liquid 
milk. Rosebury and Karshan® found that 
free oil or fat in the diet was effective in re- 
ducing the caries index in white rats. They 
postulated that lipids may form a mechan- 
ical coaling on the tooth surface or on the 
particles of food, thus protecting against bac- 
terial action, an idea also suggested by Mc- 
Collum.® 

.\s yet. inadequate investigation has beat 
made of the effect of milk on the growth and 
activity of microorganisms associated with 
dental decay, and an inhibitory effect through 
this channel might be possible. Other con- 
ditions of the oral environment, such as pH, 
might also plat' a role. Further studies are 
in progress. 

Summary. Data on growth and caries in- 
dices of cotton rats fed various milk rations 
were secured from these e.xperiments. 

The data indicate that milk is protective 
against dental caries in the cotton rat. Pre- 
vious findings of zero scores in animals fed 
only liquid milk were confirmed. Animals 
receiving milk to which sucrose, glucose or 
de.xtri-maltose had been added exhibited low 
caries scores as compared with controls on a 
cariogenic dry ration. These sugars will pro- 
duce caries when fed in dry rations. The 
caries indices of animals receiving approxi- 
mately one-third of their caloric intake as 
liquid milk and the remainder as the cario- 
genic ration S02 were less by 50% than those 
of litter-mate controls not receiving milk. 

SRosetniry, T., .and K.nrsli.nn, Jt., J. Dent. 

1939, 18, 1S9. 

.* AlcCoJluni, E. 1 ., Oront'IvoilePj E., nnd Bov, 
H. G., The y acer Knoivletlpc of Xiithtion, 5tli cd., 
Maemillrin. New York, 1939. 
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TABLE I. 

Effect of Various Milk Eatioiis on Growth Bate and on Ineidence and Extent of Carious 

Lesions in the Cotton Eat. 


Avg weekly gain 


Eation 

Ifo. of pairs 

6 wks 

14 wks 

Avg iiioidenco 

Avg extent 

802- 

15 

10.1 

7.2 

29 

75+ 

uiilk 


7.3 

5.3 

0 

Ot 

802 

- 3 

8.4 

5.5 

30 

764- 

milk + 3%. sucrose 


C.6 

4.8 

0 

0 

802** 

11 

9.5 

6.5 

32 

824- 

milk -f 10% sucrose 


7.4. 

5.5 

4 

2-4- 

802 

3 

11.6 

7.8 

34 

1094- 

milk 5% dextrimaltose 


10.3 

7.2 

1 

14- 

802 

7 

11.1 

8.0 

24 

504- 

milk 10% dextrimaltose 


8.5 

7.4 

0 

0 

802^^ 

13 

9.0 

6.7 

27 

684- 

milk -t- 10% glucose 


7.3 

5.8 

6 

104 - 

802 

9 

9.5 

7.8 

31 

784- 

802 -f- milk 


6.7 

7.7 

14 

25+ 


* These groups included one animal which died and was evaluated at 12 weeks instead of at 
t One of these 15 animals had a 1 — 14" lesion. 


the daily caloric intake of the animals in this 
group. 

Results. In Table I the data from the ani- 
mals on each experimental ration are com- 
pared with those from their respective litter- 
mate controls. The control and experimen- 
tal animals from each litter were paired so 
that averages represented equal numbers of 
animals. 

Growth rates were calculated as average 
weekly gain for the first 6 weeks and for the 
total 14 weeks on experiment. Since the two 
sexes have been found to grow at different 
rates, all figures were calculated as growth 
of males in order to make them comparable. 
This was formerly done by increasing the 
values for the females by 25%;" but analysis 
of a larger volume of data now at our dis- 
posal has shown that more accurate factors 
are 20% at 6 weeks and 15% for the total 14 
weeks. Accordingly, the gams of females 
were increased by these percentages for the 
respective periods. From the data it is evi- 
dent that the animals fed on milk alone grew 
less than those receiving the control ration 
(802). Growth was somewhat better when 
supplemental carbohydrates were added to 


the milk, although it was still below that of 
the control animals. The animals fed ration 
802 plus milk grew slowly during the first 
weeks of the experiment, but the average 
weekly gain for the total 14 weeks was very 
nearly the same as that for the controls re- 
ceiving only the dry ration. 

Table I also gives the data on incidence 
and extent of carious lesions. The compari- 
son of average scores for the e.\-perimental 
animals with those for litter-mate controls 
receiving the cariogenic ration (802) indi- 
cates the degree of protection afforded by 
each ration. The scores of animals on the 
milk diets were low in comparison with the 
high incidence and extent of lesions found 
in animals fed the control ration. In agree- 
ment with previous findings, animals fed only 
liquid milk were free of caries (except one 
animal, which developed a small lesion 

The caries indices of animals receiv- 
ing milk with added carboh}'drate varied con- 
siderabl)'’, ranging from zero to less than one- 
fourth the average for litter-mate controls. 
In the case of the animals fed milk plus ra- 
tion 802, the milk appears to have reduced 
the caries scores by more than 50%, the 
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Ph 

Fig.l 

Eclationsliip of the cnzvjne 


activity to pH 


II. Measurement o( activity oj the bacterial 
suspension. series of tubes was prepared, 
each containing 5 ml of a standard solution 
of nicotinic acid (10 p.g per ml). 0.3 ml of 
0.2 M phosphate buffer of pH 6.0. and 0.05 
ml of bacterial suspension. These were al- 
lowed to stand at room temperature for 10 
to 50 min. and the enzyme was then inacti- 
vated by immersion in a water bath at 90'C 
for 5 min. The tubes were centrifuged for 
15 min. at 10.000 r.p.m. and 5 ml of the clear 
supernatant fluid were analyzed for nicotinic 
acid bt- a colorimetric method? emplovdng 
cyanogen bromide and p-phenylenediamine. 
The intensity of the yellow color was meas- 
ured in a Coleman spectrophotometer at a 
wave-length of 420 m;i. 

§ The procedure UJod for tlie cstim.ition of 
nicotinic .ncid will shortly be published elsewhere. 


Experimental. I. .Activity oj the culture. 
It was found that 50 fxz of nicotinic acid were 
destroyed in 15 min. at room temperature 
by 0.05 ml of the bacterial suspension, tin- 
der the same conditions there was no appre- 
ciable decomposition of nicotinamide. 

II. Eucet oj pH. .A.liquots of the sub- 
strate were adjusted to pH values ranging 
from 5 to 9. These were inoculated and the 
amount of nicotinic acid remaining was deter- 
mined. The results shown in Fig. 1 indicate 
that the optimum pH was about 7.0. 

III. .Attempt to obtain a ccll~jrcc enzyme. 
Freezing and thawing a sample of the bac- 
terial suspension S times in 24 hours de- 
stroyed 66^ of the normal activity, as is 
shown in Table I. Experiments are now in 
progress to obtain cell-free enzymes by other 
methods. 



70 


15985 

Nicotinic Acid Oxidation in Pseudomonas fluorescens* 

Charles A. NiCHOti and Moritz Michaeus.H (Introduced by H. Wasteneys.) 

From the Department of AgricuUural Gliemiitry, Macdonald College, McGill Vniwrsiiy, 
Ste. Anne de Bellevue, Qnehec, Canada. 


In the determination of nicotinic add in 
blood, Allinson^ first employed a microorgan- 
ism as the source of an enzyme which speci- 
fically destroyed nicotinic acid. The micro- 
organism used was the NC (neutral culture) 
isolated from soil by Dubos and hliller." 
Later Koser and Baird® made an extensKm 
investigation of bacteria which destroy nico- 
tinic acid during cell multiplication. They 
found that bacteria of the Pseudomonas fiuo- 
rcsccus and Serratia marcesceits groups grew 
on a S5mthetic medium in which nicotinic 
acid was the only organic compound and that 
they failed to grow when nicotinic acid was 
replaced by the isomers, isonicotinic acid and 
picolinic acid. 

The nature and mode of action of the bac- 
terial enzyme have not yet been elucidated. 
The experiments recorded below show that in 
the case of Pseudomonas fluorescens an oxi- 
dative mechanism is involved in the enzymic 
decomposition of nicotinic acid. 

Materials and Methods. I. Culture: Pre- 
liminary tests with strains 1, 2, 3, 4, 12 and 
30* showed that the latter 2 were most active 

* Macdonald College Journal Series No. 233. 
This investigation was supported hy a grant from 
the House of Seagram, Montreal, Canada. 

t Present address. Department of Biochemistry, 
University of Wisconsin, Madison, Wis. 

i| Present address, University of Cliicago, De- 
partment of Physiology. 

1 Allinson, C. M. J., J. Uiol. Chon., 1943, 147, 

■ 785. 

2 Duhos, E., and Miller, B. F., J. Biol. Chem., 
1937, 121, 429. 

3 Koser, S. A,, and Baird, G. E., J. Infect. Die., 
1944, 75, 250. 

t The authors wish to express their thanks to 
Prof. S. A. Koser, Department of Bacteriology, 
University of Cliicago, for the strains 12 and 30 
of Pseudomonas ftnarescens used in this work. 


in decomposing nicotinic acid. Serratia inar- 
ccscens took 7 to 8 days to destroj' as much 
nicotinic acid as was destroyed by Pseudo- 
monas fluorescens in 36 hours. The growth 
of the NC organism was unsatisfactory when 
the medium was prepared with local tap water 
or artificial tap water.^ Since Pseudomonas 
fluorescens 30 was most active and its min- 
eral requirements were easily met by tap 
water or distilled wafer plus magnesium sul- 
phate, it was chosen as the test organism. It 
wis grown in media composed of: 2 g 
Na 2 HP 04 ; 1.5 g KHsPO^; 5 g NaCl; 0.1 g 
MgSO^; and 2 g nicotinic acid in 1 liter dis- 
tilled water. The pH was adjusted with 
sodium hydroxide to 6.8 to 6.9. The tem- 
perature was 27°C. The bacteria became 
well adapted to the medium by repeated 
transfer of 24 hour cultures. Stock cultures 
were maintained on agar slopes of nicotinic 
acid medium and no loss of activity was evi- 
dent after 6 months. The agar cultures had 
a bright green color after 18 to 24 hours, 
which turned to reddish-brown after 48 hours. 

To prepare suspensions of the resting bac- 
teria transfers were made from the nicotinic 
acid slopes to SO ml of medium in 250 ml 
Erlenmeyer flasks. The flasks were shaken 
for 24 hours at 25°C after which 10 ml were 
transferred to 500 ml of medium in a 2-liler 
flask, the latter being shaken again for IS 
to 24 hours. The cells were then separated 
by centrifuging, washed twice with M/50 
phosphate buffer of 'the pH 7.0, and finaiiy 
suspended in a volume of sterile wafer equal 
to l/20th the volume of the culture medium. 
This suspension was stored at 5°C for over 
2 months without loss of activity. 

•* Miller, B. F., Allinson, M. J. C., .snd Baker, Z., 

J-. Biol. Chem., 1939, ISO, SS3. 
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nicotinic acid. In a similar experiment 0.0475 
micromoles of nicotinic acid were destroyed 
and 0.13 micromoles of oxygen were taken up. 
This corresponds to 2.7 moles of oxygen per 
mole of nicotinic acid. 

Sodium azide and hydroxylamine inhibited 
the oxidation drastically, as is seen in Fig. 2. 
The manometric measurements were verified 
with the colorimetric method. In another 
test, the detergent, lauryl pj^ridinium chlo- 
rideii in a concentration of 0.0013%, brought 
about complete inhibition. Octyl alcohol and 
toluene inhibited the oxidation 6S and 80%, 
respectively, as indicated with the colori- 
metric method. There was no oxygen uptake 
with nicotinamide as substrate. 

Stivitnary and Conclusion. The destruction 

11 'We wish to tlinnk the Hooker Electrochemical 
Corporation, Niagara Falls, N.T., for a s.amplc of 
lauryl pyridiniutn chloride. 


of nicotinic acid by Pseudomonas fluorcsccns, 
previously described by Koser and Baird^ was 
found to be an enzymic oxidation. Utiliza- 
tion of nicotinic acid is accompanied by oxy- 
gen uptake at a ratio of about 3 oxygen to 1 
nicotinic acid. Nicotinamide is not attacked 
by the oxidase under our experimental con- 
ditions. Two tjTJes of inhibitors interfere 
with the enzymatic destruction of nicotinic 
acid: inhibitors of heavy metal enzymes, such 
as sodium azide and hydroxylamine, and sur- 
face active agents, such as octrd alcohol, tolu- 
ene and lauryl pyridinium chloride. The rate 
of o.xygen consumption indicates a destruc- 
tion of the nicotinic acid molecule. Since 
nicotinic acid serves as a substrate and not 
as a co-enzyme it should be noted that this 
reaction sets it apart from its known func- 
tion in the co-factors. 
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Effect of Age in Guinea Pig on Local Passive Sensitization and Skin 
Reactions Toward Histamine. 

R. Y. Gottshale and A. B. IMitchell. (Introduced by C. W. hluehlberger.) 
From the Surcau of Laboratories, Michigan Department of Health, Lansing, Mich. 


Young guinea pigs are universally accepted 
as being more suitable for the study of ana- 
phylactic reactions than old animals. Thom- 
sen,' who confirmed the work of others, found 
old guinea pigs more difficult to sensitize than 
young guinea pigs. He also studied the effect 
of age on the passive sensitivity developed 
after injection of anti-horse rabbit serum. 
Sensitivity was measured by injecting the 
antigen intravenously. His results showed that 
the young guinea pigs became more sensitive 
than the old guinea pigs. 

To determine whether age had a similar 
effect on the production of local anaphjdaxis, 
a comparison was made of the ability to trans- 
fer sensitivity passively to the skin of old 

1 Thomsen, Olof, Z. f. Immvnitats. forsch., 1917, 
2fl, £13. 


and of young animals. The method recently 
described by Chase- for producing local pas- 
sive sensitization in the skin of the guinea 
pig was used for making these comparisons. 

Since a tissue liberation of histamine or 
histamine-like substance is thought to occur 
during anaphylactic reactions, the response 
to intradermal injection of this substance in 
young and in old guinea pigs was studied. 

Material. All of the animals were albinos 
and were obtained from a single breeding 
colony. Animals of both se.xes were used. The 
old animals were 2 to 4 years and the young 

- Clinsc, H. YT., Pr.oc, Soc. Exr. Hion. and Med., 
1943, o2, £38. 

SH.'ilc, n. II., ana Laiai.'iw, F. P., ,7. Phgsiol., 
1910, 41, 318. 

■« Lewis, T., Frit. 37. J., I 92 G, 2, Cl. 
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N'icotinic Acid Oxidation Through Ps. fiuoresceiis 



M I NUTE5 

Nicotinic acid Q 

Nicotinic acid, sodium azide A 

Nicotinic acid, hydroxylamiiie liydrocliloride Q 

Fig. 2. 

Oxygen uptake of Fs. fluorcsccns 30 ivith nicotinic acid as influenced b}’ sodium azide and 
liydroxylainiiie li.vdrocbloiide (51/00). Temperature 27°. 


TABLE I. 

Effect of Alternative Freezing and Tliauing on 
Euzj-me Activity^ 

nicotinic acid destroyed b.r 
Time in min. (1) normal cells (2) treated cells 


5 29.6 5.4 

10 47.0 9.9 

15 50 17.0 

30 — 22.3 


n?'. Mode of destruction oj ukotime acid. 
Warburg e.vperiments showed that the de- 
struction of nicotinic acid was accompanied 
bj^ oxygen consumption. There was a de- 
crease in the oxygen consumption when the 
amount of the substrate was decreased. The 
experiments were conducted at 27 C with 


M/15 phosphate buffer of pH 7 as medium. 
The total volume of liquid in the vessels was 
2.3 ml; 0,3 ml of bacterial suspension were 
employed. The center well contained 0.2 ml 
of 50% KOH. 

A nicotinic acid solution containing 615 pg 
was tipped into the main vessel from one side 
arm after equilibrium had been reached. 
-After 75 minutes the o.xygen uptake was 
determined and the reaction was stopped by 
the addition of 0.5 ml of concentrated sul- 
phuric acid from the second side arm. The 
residual nicotinic acid was determined colori- 
metrically. For the o.xidation of 0.475 micro- 
moles of nicotinic acid 1.42 micromoles were 
required, i. c. 3 moles of oxygen per mole of 
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or young adult animals vrere 4 to 10 vreeks 
of age. 

Antl-aaoovalbumin guinea pig and anti- 
horse guinea pig serum were the antiserums 
emplo>^d. The method described by Heidel- 
beraer. Kendall, and SooHoo'' was tollowed 
for preparing the aaoovalbumin. The anti- 
azoovalbumin was prepared by injecting 50 
mg of the antigen intraabdominally into old 
guinea pigs. The animals were bled 44 days 
after the sensitizing dose of antigen was given. 
The anti-horse guinea pig serum was prepared 
by injecting 0,01 cc of horse serum intra- 
aljdominallt' into 600 g guinea pigs. These 
animals were bled 21 days after administra- 
tion of the antigen. 

The histamine dihydrochloride solutions 
were freshly prepared in saline jast before 
use. 

Experimental. The antiserums were in- 
jected into the closely clipped skin of the 
baclis of both the young and the old animals. 
.\fter varj’ing intervals of time the corre- 
sponding antigens were injected. In experi- 
ments I. 2, 3j and 4 (Table I) these antigens 
were admmistered intraabdominally. The 
dose of azoovalfaumin administered to the 
young animals was 126 mg. The old animals 
received IS9 mg. The dose of horse serum 
injected was 0.15 to 0.2 cc for each 100 g of 
body weight. The reactions were measured 
15. 30. 45. 60; 90, and 120 minutes later. 
In most instances they were fully de^’eloped 
or reached their maximum intensity in 60 
minutes; consequently, the mean diameters 
of these 60-minute values are the only meas- 
urements given. In agreement with Chase, 
reactions were not elicited in all of the x'oung 
animals. The data given in Table I show 
that the skin of young guinea pigs is more 
easily sensitized than the skin of old suinea 
pigs. 

Expenment 5 (Table I) was conducted 
differently than the first 4 experiments be- 
cause we thought it conceivable that the 
absence or low sensitivity in old animals 
could be accounted for by a slow rate of 

s Hcidelbergcr, M., T. E.. crd SooHco, 

C, Jf., J. Krp. 1533, 5S, 137. 


absorption of horse serum. In this experiment, 
0.1 cc of a 1:2 dilution of anti-horse guinea 
pig serum was injected on one side of the 
back. For a control 0.1 cc of a 1:2 dilution 
of normal guinea pig serum was injected into 
a corresponding site on the other side oi 
the back. Twenty-four hours later, 0.1 cc 
of horse serum was injected intradermallj* 
into each site. The two reactions were read 
15, 30, 45, and 60 minutes after administra- 
tion of the antigen. The skin was considered 
to be sensitized in those animab in which 
edema occurred at the sites prexdousl}' in- 
jected with the antiserum. In these animals, 
the skin reactions at the sites of the injections 
of the antiserum were significantlj- larger than 
the blebs formed by the injections of normal 
horse serum. 

The results of these e.xperiments show that 
there was no significant dmerence in the num- 
ber of old animals that reacted whether the 
antigen was given intradennally at the site 
of injc<lion or given intraabdominally. 

.Activity oj histamine dihydrochloride in- 
jected into the skin oj old and of young guinea 
pigs: Three groups of old and young closely 
clipped guinea pip were injected intradermally 
with 0.1 cc of varx'ing dilutions of hbtamine 
(Table II). The hbtamine was injected on 
one side and 0.1 cc of saline, for control, was 
injected at the corresponding site on the. 
other side of the back. The pH of the 
1;I0;CC0 dilution of histamine was 4.8, The 
pH of the saline control for thb dilution was 
brought to thb value by the addition of 
Sorensens sodium citrate-hydrochloric add 
buffer pH 4.S in the proportion of one part 
of butler to 59 parts of the saline. The pH 
of the I:1CO,COO and 1:1,000,000 dilutions 
of hbtamine was appro.ximately that of the 
saline used for the control injection and con- 
sequently needed no adjustment. The re- 
actioriS, localized edematous areas, were read 
15, 30, 45, and 69 minutes after injection. 
All of the old and x'oung animals injected 
with the 1:10.000 and 1:100,000 dilutions of 
hbtamine reacted. It was obseived that the 
reactions, in most iriStances, reached their 
i^ximum intensitj- 30 minutes after iniec- 
tion. The 30-minute readinp, being the most 
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or young adult animals were 4 to 10 weeks 
of age. 

Anti-azoovalbumin guinea pig and anU- 
horse guinea pig serum were the antiserums 
employed. The method described by Heidel- 
berger, Kendall, and SooHoo^ was followed 
for preparing the azoovalbumin. The anti- 
azoovalbumin was prepared by injecting 50 
mg of the antigen intraabdominally into old 
guinea pigs. The animals were bled 44 days 
after the sensitizing dose of antigen was given. 
The anti-horse guinea pig serum was prepared 
by injecting 0.01 cc of horse serum intra- 
afadominally into 600 g guinea pigs. These 
animals were bled 21 days after administra- 
tion of the antigen. 

The histamine dihydrochloride solutions 
were freshly prepared in saline just before 
use. 

Experimental. The antiserums were in- 
jected into the closely clipped skin of the 
backs of both the young and the old animals. 
After varying intervals of time the corre- 
sponding antigens were injected. In experi- 
ments 1, 2, 3, and 4 (Table I) these antigens 
were administered intraabdominally. The 
dose of azoovalbumin administered to the 
young animals was 126 mg. The old animals 
received 189 mg. The dose of horse serum 
injected was 0.15 to 0.2 cc for each 100 g of 
body weight. The reactions were measured 
15. 30, 45, 60, 90, and 120 minutes later. 
In most instances they were fully developed 
or reached their maximum intensitj' in 60 
minutes; consequently, the mean diameters 
of these 60-minute values are the only meas- 
urements given. In agreement with Chase, 
reactions were not elicited in all of the young 
animals. The data given in Table I show 
that the skin of j'oung guinea pigs is more 
easily sensitized than the skin of old guinea 
pigs. 

Experiment 5 (Table I) was conducted 
differently than the first 4 experiments be- 
cause we thought it conceivable that the 
absence or low sensitivity in old animals 
could be accounted for by a slow rate of 

5 Hdaelbergcr, M., Kenaall, F. E., and SooHoo, 
C. M., J. Sxp. 3Icd., 1933, 58, 137. 


absorption of horse serum. In this experiment, 
0.1 cc of a 1:2 dilution of anti-horse guinea 
pig serum was injected on one side of the 
back. For a control 0.1 cc of a 1:2 dilution 
of normal guinea pig serum was injected into 
a corresponding site on the other side of 
the back. Twentj'-four hours later, 0.1 cc 
of horse serum was injected intradermally 
into each site. The two reactions were read 
15, 30, 45, and 60 minutes after administra- 
tion of the antigen. The skin was considered 
to be sensitized in those animals in which 
edema occurred at the sites previously in- 
jected with the antiserum. In these animals, 
the skin reactions at the sites of the injections 
of the antiserum were significantly larger than 
the blebs formed bj’’ the injections of normal 
horse serum. 

The results of these experiments show that 
there was no significant difference in the num- 
ber of old animals that reacted whether the 
antigen was given intradermally at the site 
of injection or given intraabdominally. 

Activity oj histamine dihydrochloride in- 
jected into the skin oj old and of young guinea 
pigs.' Three groups of old and young closely 
clipped guinea pigs were injected intradermally^ 
with 0.1 cc of varydng dilutions of histamine 
(Table II). The histamine was injected on 
one side and 0.1 cc of saline, for control, was 
injected at the corresponding site on the. 
other side of the back. The pH of the 
1:10,000 dilution of histamine was 4.8. The 
pH of the saline control for this dilution was 
brought to this value by the addition of 
Sorensen’s sodium citrate-hydrochloric acid 
buffer pH 4.8 in the proportion of one part 
of buffer to 39 parts of the saline. The pH 
of the 1:100,000 and 1:1,000,000 dilutions 
of histamine was approximately that of the 
saline used for the control injection and con- 
sequently needed no adjustment. The re- 
actions, localized edematous areas, were read 
IS, 30, 45, and 60 minutes after injection. 
All of the old and young animals injected 
with the 1:10,000 and 1:100,000 dilutions of 
histamine reacted. It was observed that the 
reactions, in most instances, reached their 
ma.ximum intensity 30 minutes after injec- 
tion. The 30-minute readings, being the most 
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or young adult animals were 4 to 10 weeks 
of age. 

Anti-azoovalbumin guinea pig and anti- 
horse guinea pig serum were the antiserums 
employed. The method described by Heidel- 
berger, Kendall, and SooHoo"* was followed 
for preparing the azoovalbumin. The anti- 
azoovalbumin was prepared by injecting SO 
mg of the antigen intraabdominally into old 
guinea pigs. The animals were bled 44 days 
after the sensitizing dose of antigen was given. 
The anti-horse guinea pig serum was prepared 
by injecting 0.01 cc of horse serum intra- 
abdominally into 600 g guinea pigs. These 
animals were bled 21 days after administra- 
tion of the antigen. 

The histamine dihydrochloride solutions 
were freshly prepared in saline just before 
use. 

ExpermeutaL The antiserums were in- 
jected into the closely dipped skin of the 
backs of both the young and the old animals. 
After varying intervals of time the corre- 
sponding antigens were injected. In experi- 
ments 1, 2, 3, and 4 (Table I) these antigens 
were administered intraabdominally. The 
dose of azoovalbumin administered to the 
young animals was 126 mg. The old animals 
received 189 mg. The dose of horse serum 
injected was 0.15 to 0.2 cc for each 100 g of 
body weight. The reactions were measured 
15, 30, 45, 60, 90, and 120 minutes later. 
In most instances thej' were fully developed 
or reached their maximum intensity in 60 
minutes; consequently, the mean diameters 
of these 60-minute values are the only meas- 
urements given. In agreement with Chase, 
reactions were not elicited in all of the young 
animals. The data given in Table I show 
that the skin of young guinea pigs is more 
easily sensitized than the skin of old guinea 
pigs. 

Experiment 5 (Table I) was conducted 
differently than the first 4 experiments be- 
cause we thought it conceivable that the 
absence or low sensitivity in old animals 
could be accounted for by a slow rate of 

s Hciaclbergcr, M., Kendall, F. E., iind SooHoo, 
C. Sr., J. Exp. Mai, 1P33, C8, 137. 


absorption of horse serum. In this e.xperiment, 
0.1 cc of a 1:2 dilution of anti-horse guinea 
pig serum was injected on one side of the 
back. For a control 0.1 cc of a 1:2 dilution 
of normal guinea pig serum was injected into 
a corresponding site on the other side of 
the back. Twenty-four hours later, 0.1 cc 
of horse serum was injected intradermally 
into each site. The two reactions were read 
15, 30, 45, and 60 minutes after administra- 
tion of the antigen. The skin was considered 
to be sensitized in those animals in which 
edema occurred at the sites previously in- 
jected with the antiserum. In these animals, 
the skin reactions at the sites of the injections 
of the antiserum were significantly larger than 
the blebs formed by the injections of normal 
horse serum. 

The results of these experiments show that 
there was no significant difference in the num- 
ber of old animals that reacted whether the 
antigen was given intradermally at the site 
of injection or given intraabdominally. 

Activity oj histamine dihydrochi oride in- 
jected into the skin oj old and oj young guinea 
pigs.'Hhxee groups of old and young closely 
clipped guinea pigs were injected intradermally 
with 0.1 cc of vaiydng dilutions of histamine 
(Table II). The histamine was injected on 
one side and 0.1 cc of saline, for control, was 
injected at the corresponding site on the. 
other side of the back. The pH of the 
1:10,000 dilution of histamine w’as 4.S, The 
pH of the saline control for this dilution was 
brought to this value by the addition of 
Sorensen’s sodium citrate-hydrochloric acid 
buffer pH 4.8 in the proportion of one part 
of buffer to 39 parts of the saline. The pH 
of the 1:100,000 and 1:1,000,000 dilutions 
of histamine was approximately that of the 
saline used for the control injection and con- 
sequently needed no adjustment. The re- 
actions, localized edematous areas, were read 
15, 30, 45, and 60 minutes after injection. 
All of the old and young animals injected 
with the 1:10,000 and 1:100,000 dilutions of 
histamine reacted. It was obseiwed that the 
reactions, in most instances, reached their 
ma.\imum intensity 30 minutes after injec- 
tion. The 30-minute readings, being the most 



76 


Age and Passive Sensitization 


r. . T, TABLE II. 

Cutaneous Response to lutradermal Injection of Various Concentrations of Histamine Diliydro- 
^ cliloride in Young and Old Guinea Pigs. 


No. of 
animals 

Mean mt 

Age 

Dose 

Mean size of reactions in mm 

Katio of 
areas 

Histamine 

Saline 

5 

337 

5 wk 

1:10,000 

22.4.\-24.4 

14.0.X14.4 

2.7 

5 

1080 

2-4 yr 

I } 

16.0x19.6 

10.2x13.4 

2.4 

10 

375 

6 ivk 

1:100,000 

17.3x19.6 

13.4x15.4 

■ 1.6 

10 

1080 

2-4 yr 

> > 

16:6x17.7 

12.5x14.5 

1.6 

5 

421 

7 wk 

1:1,000,000 

13.8x15.8 

13.6x15.4 

1.0 

5 

1145 

2-4 yr 

yi 

14.6x15.2 

13.8x15.0 

1.1 


satisfactory, were the only ones given con- 
sideration for purposes of comparison. The 
injections of saline into the skin of young 
animals and that of old animals does not 
produce the same size blebs. For this reason, 
in analyzing the data from the experiment, 
the size of the bleb formed by injection of the 
saline control must be considered in relation 
to the size of the corresponding histamine 
wheal. Comparison between the ratios of the 
areas of the saline and histamine wheals 
observed in old and in young animals is 
made, therefore, rather than a comparison 
of the areas themselves. On this basis of 
comparison there is no significant difference 
between the reactions elicited to histamine 
in the old and in the young guinea pigs. 

Discussion. The foregoing experiments show 
that there is a marked difference in the ability 
of anti-protein serums to sensitize the skin 
of old and of young guinea pigs. 

The reactions in the two age groups toward 
histamine were studied to determine whether 
a weaker response toward histamine could 
account for the difference in reactivity. The 
results show that both old and young guinea 
pigs react in the same degree. It is of interest 
to note that Lamson and Pope® and Darsie, 


ct al.~' were unable to produce reactions in 
the skin of the guinea pig with concentrations 
of histamine as high as 1:100. Ramsdell® 
on the other hand, demonstrated reactions 
with a 1:1,000,000 dilution of histamine. 

We have no explanation for the inability 
of Lamson and Pope and of Darsie, ct al. 
to obtain positive reactions to histamine 
other than that suggested by Follensb}'^ and 
Hooker® that some strains of guinea pigs may 
be more reactive toward histamine than 
others. 

Snpimary. The skin of old guinea pigs is 
more difficult to sensitize passively than the 
skin of young guinea pigs. This difference 
in response is not due to differences in the 
reactivity of old and of young guinea pigs 
toward histamine since both old and j'oung 
guinea pigs react toward this substance to 
the same degree. 

c Lamson, E. W., and Pope, SI. L., J. Immunol., 
1927, 14, 365. 

T Darsie, SI. L., Perry, S. 11., Eosenfeld, D., and 
Zaro, J. A., PeoC. Soc. Exp. Bion. adn Med., 1945, 
30, 278. 

s Eamsdell, Susan G., J. Immunol., 1928, 13, 305. 

OFoIiansby, E. M., and Hooker, S. B., <7. Im- 
munol., 1944, 49, 353. 
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Susceptibility of the English Sparrow {Passef- domesticus) to Infection with 
Psittacosis Virus of Pigeon Origin. 

Dori-aisD J. DAsns. (Introduced by Charles Armstrong.) 

From ilie Division 0 / Infectious Diseases, Xational Institute of Health, Bethesda, 2Id. 


The demonstration of ubiquitous infection 
among feral pigeons with psittacosis or psit- 
tacosis-like viruses^--’® emphasizes the pos- 
sibility of infection in the common English 
or house sparrow {Passer domeslictis) be- 
cause of its habit of feeding in association 
with pigeons. Various other members of the 
order Passeriformes have been shown to be 
naturally infected with psittacosis virus,"' 
Attention also was directed toward this 
possibility b}’- an illness diagnosed serologic- 
ally in this laboratory as psittacosis which was 
encountered in a woman physician who had 
handled a sick English sparrow. The onset of 
illness was on December 2, 1945 just 2 weeks 
after the patient had killed a sick and ema- 
ciated English sparrow which had frequented 
a bird feeding tray at her home. The patient 
also had scraped and cleaned the tray of 
droppings. A few pigeons belonging to a 
neighboring loft were noticed nearby occasion- 
ally. The illness was not severe and consisted 
of fever lasting for 6 days, (the highest 
temperature was 102. 5°F) chills, severe 
sweats, and a dry cough. Abnormal physical 
findings were limited to the presence of rales 
over the lung bases. .A roentgenogram of the 
chest taken IS daj's after onset revealed an 
area of increased density at the left base 
and an increase in width of the hilar shadow. 
The specific diagnosis was not considered dur- 
ing the acute illness so that material for 
virus isolation studies was not available. 
Serum taken 29 days after onset fi.ved com- 
plement in the presence of both psittacosis 

1 Zieliis, .T., ShaugUnessy, 11. .T., ami Lembke, C., 
.r. Bad., 1P4C, 51, CIG. 

^Labzoffsky, X. A., Cnnad. J. PiiV. HcaUh, 
l.G-ir, 3S, SC. 

3D.avis, t>. J., and Earing, C. D., Fiib. Health 
Dcp., 1047, C3, 14S4. 

■< Moyer, K. F., ICcdicinc, 1942, 21, 17u. 


antigen and commercial Lymphogranuloma 
venereum antigen (Lj'granum) in a dilution 
of 1:32. Serum taken 10 weeks after onset 
also fi.ved complement in the presence of 
psittacosis antigen but not in the presence 
of Q fever antigen. Samples of serum which 
had been collected for another purpose 3 
and 5 months prior to the onset did not fix 
complement. While it was not possible to 
state definitely that the source of virus -was 
the English sparrow, the question was con- 
sidered worthy of further study. 

Efforts to investigate the susceptibility of 
the English sparrow to psittacosis virus were 
undertaken in two ways. The first was to 
seek evidence of natural infection by attempts 
to recover the virus from birds captured in 
the vicinity of Washington, D. C. and by 
testing their serum for the presence of com- 
plement fi.xing antibodies. The second was 
to test directly' the susceptibility of this 
species by the inoculation of captured birds 
with a known strain of virus. 

Sparrows were captured in a wire funnel 
trap in 4 different locations in the Washing- 
ton, D. C. area during 1946 and 1947. The 
spleen, liver, and a kidney of each bird to 
be tested for the presence of virus were ground 
together in a mortar, and a 10% suspension 
in 0.85%, A’aCl solution prepared. This was 
inoculated intraperitoneall}' info stock white 
mice (XIH strain). A week or ten days later 
the mice were autopsied and a normal saline 
suspension of the spleen inoculated intra- 
cranially into a second lot of mice. A third 
transfer was routinely made intracraniallv. 

••^ppro.ximately half of the birds were first 
bled from the heart by passing a 22-gauge 
needle through the suprasternal notch in the 
midline and parallel to the vertebral column. 
Complement fixation tests of the serum were 
performed according to the technique devised 
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TABLE IL 


Cutaneous Besponse to lutraderiual Injection of A’’arious Concentrations of Histamine Dihj'dro- 
eliloride in Young and Old Guinea Bigs. 


No. of 
animals 

Mean irt 

Age 

Dose 

Mean size of reactions in mm 

I?atio of 
areas 

Histamine 

Saline 

5 

337 

5 wk 

1:10,000 

22.4.X24.4 

14.0.X14.4 

2.7 

5 

1080 

2-4 yr 

if 

Id.dslO.C 

10.2x13.4 

2.4 

10 

3r5 

fi wk 

1:100,000 

17.3.X19.G 

13.4x15.4 

1.6 

10 

1080 

2-4 yr 

>f 

16;Cxl7.7 

12.5x14.5 

l.G 

0 

421 

7 wk 

1:1,000,000 

13.8.X15.S 

13;0xl5.4 

1.0 

5 

1145 

2-4 3-r 


14.6x15.2 

13.8x15.0 

1.1 


satisfactory, were the only ones given con- 
sideration for purposes of comparison. The 
injections of saline into the skin of jmung 
animals and that of old animals does not 
produce the same size blebs. For this reason, 
in analyzing the data from the experiment, 
the size of the bleb formed by injection of the 
saline control must be considered in relation 
to the size of the corresponding histamine 
wheal. Comparison between the ratios of the 
areas of the saline and histamine wheals 
observed in old and in young animals is 
made, therefore, rather than a comparison 
of the areas themselves. On this basis of 
comparison there is no significant difference 
between the reactions elicited to histamine 
in the old and in the young guinea pigs. 

Dhcnsshn. The foregoing e.xperiments show 
that there is a marked difference in the ability 
of anti-protein serums to sensitize the skin 
of old and of young guinea pigs. 

The reactions in the two age groups toward 
histamine were studied to determine whether 
a weaker response toward histamine could 
account for the difference in reactivity. The 
results show that both old and young guinea 
pigs react in the same degree. It is of interest 
to note that Lamson and Pope® and Darsie, 


et al? were unable to produce reactions in 
the skin of the guinea pig with concentrations 
of histamine as high as 1:100. Ramsdell® 
on the other hand, demonstrated reactions 
with a 1 : 1,000,000 dilution of histamine. 

IVe have no e.xplanation for the inability 
of Lamson and Pope and of Darsie, ct al. 
to obtain positive reactions to histamine 
other than that suggested by Follensby and 
Hooker® that some strains of guinea pigs may 
be more reactive ^o^Yard histamine than 
others. 

Summary. The skin of old guinea pigs is 
more difficult to sensitize passively than the 
skin of young guinea pigs. This difference 
in response is not due to differences in the 
reactivity of old and of young guinea pigs 
toward histamine since both old and young 
guinea pigs react toward this substance to 
the same degree. 

c Lamson, E. W., and Pope, M. L., J. Immunol, 
1927, 14, 365. 

T Darsie, H. L., Perry, S. M., Eosenfeld, T>., and 
Zaro, J. A., Proo. Soc. Exp. Bton. adx Med., 1945, 
39, 278. 

s Eamsdell, Susan G., J. Immunol, 1928, 16, 305. 

oPollansby, E. M., and Hoober, S. B., J. Im- 
munol, 1944, 40, 353. 
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virus by inoculating mice intracranially ■with 
an approximate suspension of the organs 
in 0.85%, NaCl solution. The presence of 
the characteristic clusters of elementary bodies 
in impression smears of the brain of mice 
dying 3 to 7 days after inoculation "with the 
suspected material was taken as evidence of 
the presence of virus in the organ tested. 

Birds inoculated intracranially died 3 to 
15 days later and showed no gross abnormal' 
ities. Virus was present in the kidney and com- 
bined liver and spleen as well as in the brain. 

In birds inoculated intraperitoneally the 
spleen was enlarged and soft, and the liver 
showed gross areas of focal necrosis, while 
the remaining organs appeared normal. Virus 
was recovered from the brain, kidney, and 
combined liv'er and spleen. 

The oral-gastric route of infection was 
selected as approximating a natural mode of 
bird to bird transmission of virus. It was 
recovered from the organs of 7 of the 15 birds 
inoculated by this route which survived the 
first 7 days, and was present in the kidne3'S of 
6 of these. Serum from 2 birds killed on the 
14th day, from only one of which virus was 


recovered, fixed complement in the presence 
of psittacosis antigen, but serum from 2 
others from which virus was recovered did 
not fix complement. Six other samples from 
uninfected birds were negative. The failure 
to demonstrate antibodies in birds from which 
virus is recovered may be due to a delay 
in antibody production as has been observed 
in pigeons.® 

Summary. A serologically diagnosed case 
of psittacosis following e.xposure to a sick 
English sparrow and its droppings suggested 
an investigation of this species of bird as a 
carrier of psittacosis virus. 103 sparrows were 
examined (or presence of active virus and 
serum from 59 of them were tested for com- 
plement fi.xing antibodies, but no evidence 
of natural infection was obtained. Four birds 
inoculated intracranially, 2 inoculated intra- 
peritoneally and 7 of IS inoculated by the 
oral-gastric route with psittacosis virus of 
pigeon origin became infected and virus was 
recovered from their organs. 

0 Meyer, K. F., Eddie, B., and Yanamura, H. T,, 
Proc. Soc. Exp. Biol, and Med., 1942, 49, 609. 
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Tyrosine Tolerance Test in Pregnancy and the Puerperium.’'" 

Ernest \V. Page. 

Front the Division of Obstetrics ond Gynccoioriti, University of California Medical School, San 

Francisco. 


We have shown previoush' that in normal 
pregnancy tliere is a marked increase in the 
e.xcretion of both ingested and intravenously 
administered histidine, and that this is asso- 
ciated with a reduction of renal tubular re- 
absorption as well as with a dela.ved gastro- 
intestinal absorption of this particular amino 
acid.'-- There is no apparent change, however, 

• Invcstig.ation .aided by a grant from tlio John 
.and M.ary B. Mnrkle Foundation, New York. 

1 Page, E. XT., West. .7. Svry., 1943, Ql, 4S2. 

- Page, E. W., Jni. J. Ohstet. and Gynce,, 194C, 


in the rate at which histidine disappears from 
the blood stream. The strange rejection of 
this important amino acid bj’’ both the renal 
and gastrointestinal epithelium during normal 
pregnancj' is une.xplained : we wished, there- 
fore, to compare this finding with the metab- 
olism and e.xcretion of another amino acid, 
tyrosine, by the maternal organism. It ivould 
be desirable to know, furthermore, whether a 
tjTosine tolerance test might be of -use as 
a measure of liver function in the fo.xemias of 
late pregnancy. 

Following the oral ingestion of as much as 
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TABLE I. 

Ecsults of looculatiou by Different Boutes of the_ English Sparron- irith Psittacosis Tirns of Pigeon 
;; Origin. 


No. of 
bird 

Eoute of 
inoculation 

Besult in days 
after inoculation 

Complement 
fixation 
titer of 
bird serum 

Becovery of idrus from bird organs 
by intracranial monse inoculation 

‘ ' ' ' ' ■ 

Spleen and liver 

Brain combined Kidney 

965-1 

intracranial 

dead 3 days 

—— 

+ 

0 

0 

965-2 


>3 

jj 3 ” 



-f 

■ + 

0 

965-3 



” 9 ” 



-h 

-b 

■b 

965-4 



>> 15 » 




4- 

990-1 

intraperitoncal 

>3 7 



-f 

-i- 

990-2 



» 15 „ 

— 

+ 

-b 

-i- 

1047-3 

cral-gastnc 
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by Bengtson® for rickettsial diseases. The 
antigen was prepared from psittacosis virus 
recovered from a parrot, grown in allantoic 
fluid of the developing chick embr}^ and killed 
with formalin or phenol. 

Psittacosis or psittacosis-like virus was not 
isolated from any of the 103 sparrows exam- 
ined. In two instances an unidentified bacillus 
apparently originating in the birds caused 
the death of the mice. No complement fixing 
psittacosis antibodies were detected in the 
59 samples of serum tested. 

Elxperimental Injection. In order to in- 
vestigate the susceptibility of this species to 
infection with psittacosis virus sparrows were 
inoculated by 3 different routes with virus 
recently isolated from a. feral pigeon. A total 
of 37 birds were inoculated, 4 intracranially 
under ether anaesthesia, 2 intraperitoneally, 
and 31 by dropping the inoculum into the 
throat or by passing a blunt needle dorni the 
esophagus of the anaesthetized bird. Due to 
trauma and the diffi culty of keeping wild 

B-Bengtson, Ma A., Fni. BeaXth JSop., 1S44, 
60, 402. 


birds, 16 of the 31 inoculated by the latter 
method died within a few days and are not 
included in Table I. 

The experimental birds were captured in 
the wild state, but the chance of natural in- 
fection was probably less than 1 in 100 since 
no virus had been found in 103 birds trapped 
at the same times and places. The virus in- 
oculum was a saline suspension of mouse 
brain, 3 'olk sac or allantoic fluid of the devel- 
oping chick embryo infected with the same 
strain (No. 26) of pigeon virus. 

White mice inoculated intracranially with 
each inoculum as a control died, and impres- 
sion smears of the brain stained by Machia- 
vello's stain showed typical clusters of ele- 
mentary bodies in each instance. 

Table I shows the results of inoculation 
of virus into the 21 birds which survived the 
trauma of capture and inoculation. Birds 
surviving until the 14th or 15th day after 
inoculation were bled and the serum tested 
for complement fi.xing antibodies. The sac- 
rificed birds and those which died were 
autopsied, and tested for the presence of 
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s'irus by inoculating mice intracranially vrith 
an approximate 10% suspension of the organs 
in 0.85%, NaCl solution. The presence of 
the characteristic clusters of elementarj^ bodies 
in impression smears of the brain of mice 
dying 3 to 7 days after inoculation with the 
suspected material was taken as evidence of 
the presence of virus in the organ tested. 

Birds inoculated intracranialh' died 3 to 
1 5 days later and showed no gross abnormal- 
ities. Virus was present in the kidney and com- 
bined liver and spleen as well as in the brain. 

In birds inoculated intraperitoneally the 
spleen was enlarged and soft, and the liver 
showed gross areas of focal necrosis, while 
the remaining organs appeared normal. Virus 
was recovered from the brain, kidney, and 
combined liver and spleen. 

The oral-gastric route of infection was 
selected as approximating a natural mode of 
bird to bird transmission of virus. It was 
recovered from the organs of 7 of the 15 birds 
inoculated by this route which survived the 
first 7 days, and was present in the kidneys of 
6 of these. Serum from 2 birds killed on the 
14th day, from only one of which virus was 


recovered, fixed complement in the presence 
of psittacosis antigen, but serum from 2 
others from which virus was recovered did 
not fix complement. Six other samples from 
uninfected birds were negative. The failure 
to demonstrate antibodies in birds from which 
virus is recovered may be due to a delay 
in antibody production as has been observed 
in pigeons.® 

Summary. A serologically diagnosed case 
of psittacosis following exposure to a sick 
English sparrow and its droppings suggested 
an investigation of this species of bird as a 
carrier of psittacosis virus. 103 sparrows were 
examined for presence of active virus and 
serum from 59 of them were tested for com- 
plement fixing antibodies, but no evidence 
of natural infection was obtained. Four birds 
inoculated intracranially, 2 inoculated intra- 
peritoneally and 7 of IS inoculated by the 
oral-gastric route with psittacosis virus of 
pigeon origin became infected and idrus was 
recovered from their organs. 

c Meyer, K. F., Eddie, B., and Xanamura, H. T., 
Proc. Soc. Exp. Biol, axd Med., 1942, 49, 609. 
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Tyrosine Tolerance Test in Pregnancy and the Puerperium.* 

Ernest W. Page. 

From the Din'.<iion of Obstetrics and Gynecology, Vniversity of California Medical School, San 

Francisco. 


We have shown previously that in normal 
pregnancy there is a marked increase in the 
excretion of both ingested and intravenously 
administered histidine, and that this is asso- 
ciated with a reduction of renal tubular re- 
absorption as well as with a delayed gastro- 
intestinal absorption of this particular amino 
acid.' - There is no apparent change, however, 

* InTc.^lip.ation aided by a grant from tbe John 
and Itary R. Xtarklc Fovmdation, New Xoik. 

1 Page, E. W., West. J. Snrg., 1943, 51, 4S2. 

- Page, E. IV., Anj. J. Ohsict. and Gynec., 1946, 
ol, 553, 


in the rate at which histidine disappears from 
the blood stream. The strange rejection of 
this important amino acid bt’ both the renal 
and gastrointestinal epithelium during normal 
pregnanc}' is une.xplained; we wished, there- 
fore, to compare this finding with the metab- 
olism and excretion of another amino acid, 
tyrosine, by the maternal organism. It would 
be desirable to know, furthermore, whether a 
tyrosine tolerance t«t might be of .use as 
a measure of liver function in the toxemias of 
late pregnancy. 

Following the oral ingestion of as much as 
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TABLE I. 

Results of Inoculatiou by Different Routes of the English Sparrow with Psittacosis Virus of Pigeon 
• Origin. ^ 
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+ Virus recovered. 
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by Bengtson®’ for rickettsial diseases. The 
antigen was prepared from psittacosis virus 
recovered from a parrot, grown in allantoic 
fluid of the developing chick embryo and killed 
with formalin or phenol. 

Psittacosis or psittacosis-like virus was not 
isolated from any of the 103 sparrows exam- 
ined. In two instances an unidentified bacillus 
apparently originating in the birds caused 
the death of the mice. No complement fixing 
psittacosis antibodies were detected in the 
59 samples of serum tested. 

Experimental Injection. In order to in- 
vestigate the susceptibility of this species to 
infection with, psittacosis virus sparrows were 
inoculated by 3 different routes with virus 
recently isolated from a feral pigeon. A total 
of 37 birds were inoculated, 4 intracranially 
under ether anaesthesia, 2 intraperitoneally, 
and 31 by dropping the inoculum into the 
throat or by passing a blunt needle dorni the 
esophagus of the anaesthetized bird.^ Due to 
trauma and the difficulty of keeping wild 

SBengtson, Ifla A., Ptti. Bcdlth Pep., 1944, 
SO, 402. 


birds, 16 of the 31 inoculated by the latter 
method died within a few daj’s and are not 
included in Table I. 

The experimental birds were captured in 
the wild state, but the chance of natural in- 
fection was probably less than I in 100 since 
no virus had been found in 103 birds trapped 
at the same times and places. The virus in- 
oculum was a saline suspension of mouse 
brain, yolk sac or allantoic fluid of the devel- 
oping chick embryo infected with the same 
strain (No. 26) of pigeon virus. 

IVbite mice inoculated intracranially with 
each inoculum as a control died, and impres- 
sion smears of the brain stained by Machia- 
vello's stain showed typical clusters of ele- 
mentary bodies in each instance. 

Table I shows the results of inoculation 
of virus into the 21 birds which survived the 
trauma of capture and inoculation. Birds 
surviving until the 14th or ISth day after 
inoculation were bled and the serum tested 
for complement fixing antibodies. The sac- 
rificed birds and those which died were 
autopsied, and tested for the presence of 
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virus b\' inoculating mice intracranially with 
an approximate 10% suspension of the organs 
in 0.85%, NaCI solution. The presence of 
the characteristic clusters of elementarj' bodies 
in impression smears of the brain of mice 
dying 3 to 7 days after inoculation with the 
suspected material was taken as evidence of 
the presence of virus in the organ tested. 

Birds inoculated intracranially died 3 to 
1 5 days later and showed no gross abnormal- 
ities. Virus was present in the kidney and com- 
bined liver and spleen as well as in the brain. 

In birds inoculated intraperitoneally the 
spleen was enlarged and soft, and the li%'er 
showed gross areas of focal necrosis, while 
the remaining organs appeared normal. Virus 
was recovered from the brain, kidney, and 
combined liver and spleen. 

The oral-gastric route of infection was 
selected as approximating a natural mode of 
bird to bird transmission of virus. It was 
recovered from the organs of 7 of the 15 birds 
inoculated by this route which survived the 
first 7 days, and was present in the kidneys of 
6 of these. Serum from 2 birds killed on the 
1 4th day, from onlj- one of which virus ivas 


recovered, fi.xed complement in the presence 
of psittacosis antigen, but serum from 2 
others from which virus was recovered did 
not fi.x complement. Six other samples from 
uninfected birds were negative. The failure 
to demonstrate antibodies in birds from which 
virus is recovered may be due to a delay 
in antibody production as has been obsen^ed 
in pigeons.® 

Summary. A serologicalh- diagnosed case 
of psittacosis following e.xposure to a sick 
English sparrow and its droppings suggested 
an investigation of this species of bird as a 
carrier of psittacosis virus. 103 sparrows were 
e.xamined for presence of active virus and 
serum from 59 of them were tested for com- 
plement fixing antibodies, but no evidence 
of natural infection was obtained. Four birds 
inoculated intracranially, 2 inoculated intra- 
peritoneally and 7 of 15 inoculated by the 
oral-gastric route with psittacosis virus of 
pigeon origin became infected and virus was 
recovered from their organs. 

0 Meyer, K. F., Eddie, B., and Tanamura, H. T., 
Proc. Soc. Exp. Biol, akd Meb., 1942, 49, 609. 


15988 

Tyrosine Tolerance Test in Pregnancy and the Puerperium.’^ 

Ernest W. Page. 

From the Division of Ohsteirics and Gynecoiogy, University of California Medical School, San 

Francisco. 


We have shown previously that in normal 
pregnancy there is a marked increase in the 
excretion of both ingested and intravenously 
administered histidine, and that this is asso- 
ciated with a reduction of renal tubular re- 
absorption as well as with a delayed gastro- 
intestinal absorption of this particular amino 
acid.’ - There is no apparent change, however, 

* Investigation aided Iiy a grant from tlio Jolin 
and Mar>' R. Marklc Foundation, New Tork. 

iP.agc, E. AV., West. J. Surg., 1943, 51, 482. 

- Page, E. W., Am. ,T. Ohstet. and Gyncc., 1946, 
•51, 553. 


in the rate at which histidine disappears from 
the blood stream. The strange rejection of 
this important amino acid by both the renal 
and gastrointestinal epithelium during normal 
pregnancy is une.vplained ; we wished, there- 
fore, to compare this finding with the metab- 
olism and excretion of another amino acid, 
tyrosine, by the maternal organism. It would 
be desirable to know, furthermore, whether a 
tyrosine tolerance test might be of ,use as 
a measure of liver function in the to.xemias of 
late pregnancy. 

Following the oral ingesU'on of as much as 
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SHADED AREA’NORMAL NON -PREGNANT RANGE 



MINUTES AFTER NGE5T10N OF TYROSINE 


Fig. 1. 

Tyrosine tolci'ance curves on 8 normal pregnant women and 2 women with severe toxemia 
(indicated by s). All values in 10 normal non-pregnant women fell within shaded area. 


10 g of tyrosine by normal individuals, there 
are no significant changes in the urinary out- 
put of tyrosyl compounds.® The shape and 
height of the blood curve observed after such 
ingestion is therefore dependent upon two 
factors: the rate of absorption from the gastro- 
intestinal tract and the rate of metabolism 
(utilization or destruction) of this compound. 
Bernhart and Schneider^ followed the tyrosyl 
concentration of the blood at hourlv intervals 
after the oral administration of 4 g of tyrosine, 
and suggested that this procedure be used as 
a test of liver function. The impaired metab- 
olism of tyrosine associated with diseases of 
the liver results in a high initial level followed 
by an abnormal increase in the blood level 
at one hour and a delayed return to normal. 
In tliis respect, the type of curve obtained 
is analogous to the glucose tolerance cun'e 
associated udth impaired carbohydrate metab- 
olism. When there is delayed absorption from 

3 Medes, G-., JSioclicnu 1932, SG, 917. 

i Bernhart, F. W., .and Schneider, E. W., Am. J. 
Mea. Sci., 1943, 305, 630. 


the gastrointestinal tract, on the other hand, 
as noted in patients with untreated pernicious 
anemia, the peak is simply delaj^ed until about 
three hours after ingestion but is not ab- 
normally elevated.® 

Methods. Eight volunteer subjects with 
normal pregnancies of 7 to 9 months’ duration, 
one patient with eclampsia and one with a 
severe grade of preeclampsia were selected for 
study. Seven additional women mth normal 
pregnancies were studied from 1 to 36 hours 
after delivery. Ten control subjects of similar 
age were selected from preoperative patients 
on the gynecologic service. All of the latter 
group were in good general health with no 
history of liver disease. Each woman was 
fasting on the morning of the test, and was 
given 4 g of tyrosine in casein solution. The 
methods of analysis employed, based upon 
the hlillon reaction, ivere identical with those 
of Bernhart and Schneider,"* e.vcept that blood 
samples w-ere taken at intervals of 45 minutes 

5 Svrenseid, E.j and Bethel!, JP. IT., Proc. 
Cciifr, Soc. Pcs., 1944, 17, 40. 
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SHADED AREA * NORMAL NON* PREGNANT RANGE 



MINUTES AFTER INGESTION OF TYROSINE 


' Fig. 2. 

Tyrosine tolerance curves on 7 normal i)ueri)cral women. Figures in circle indicate the 
number of liours after delivery. 


instead of hourly. This resulted in a change 
in the height and shape of the normal curve. 
In half the subjects of the normal non- 
pregnant and pregnant groups, urine samples 
were collected for a period of 8 hours before 
and 8 hours after administration of the tyro- 
sine. These were analyzed for tyrosjd com- 
pounds by the !Millon reaction as developed 
Folin and Ciocalteu® and modified for 
urine determinations by Medes.“ 

Results. The fasting blood tyrosj'l concen- 
tration of the 10 non-pregnant women was 
1.44 mg/100 ml ±: 0.09, with a standard 
deviation of 0.28. This compares favorably 
with the value of 1.4 as previously determined 
by the same method,'* and with the value of 
1.48 as determined by Hier and Bergheim' 
using microbiological methods. The fasting 
blood level of the 10 pregnant women ■was 
definitely lowered, being 0.99 mg/100 ml 

C Folin, O., and Cioc.altcn, X., J. BioJ. Chem., 
in27, 73, 627. 

7 Hier, S. "W., and Bergheim, 0., J. Biol. Chem., 
1946, 1C8, 129. 


± 0.12 with S.D. of 0.37. The difference be- 
tween these means is 3 times the standard 
error of the difference and may be considered 
significant. On the other hand, the postpartum 
values were even higher than the non-preg- 
nant level. 

The tyrosine tolerance curves for the S 
normal pregnant women and the two toxemia 
cases are illustrated in Fig 1. It may be seen 
that the values remained low, but that 
the rate of rise is similar to that of 
normal non-pregnant women, though tend- 
ing perhaps to be somewhat flatter. There 
was no apparent delay in gastro-intestinal 
absorption as described for cases of pernicious 
anemia. The average urinary output of tyro- 
syl compounds before the test was 147 mg/12 
hrs, and this increased to an average of only 
190 mg/12 hrs after the test. There 'were 
occasional falls rather than rises, and there 
■were no discernible differences bet-ween the 
pregnant subjects, with or without to.xemia, 
and the normal non-pregnant women. 

Soon after delivery, however, there ap- 
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SHADED AREA’ NORMAL NON -PREGNANT RANGE 



MINUTES AFTER INGESTION OF TYROSINE 


Fio. 1. 

Tyrosine tolerance curres on 8 normal pregnant women and 2 n-omen with severe toxemia 
(indicated by x). All values in 10 normal non-pregnant women fell within shaded area. 


10 g of tyrosine by normal individuals, there 
are no significant changes in the urinary out- 
put of tyros 3 d compounds.^ The shape and 
height of the blood curve observed after such 
ingestion is therefore dependent upon two 
factors: the rate of absorption from the gastro- 
intestinal tract and the rate of metabolism 
(utilization or destruction) of this compound. 
Bernhart and Schneider^ followed the tyrosyl 
concentration of the blood at hourly intervals 
after the oral administration of 4 g of tyrosine, 
and suggested that this procedure be used as 
a test of liver function. The impaired metab- 
olism of tyrosine associated Yuth diseases of 
the liver results in a high initial level followed 
by an abnormal increase in the blood level 
at one hour and a delayed return to normal. 
In this respect, the tj'pe of curve obtained 
is analogous to the glucose tolerance cur\’e 
associated with impaired carbohydrate metab- 
olism. When there is delayed absorption from 

3 Medes, G,, Siochem. A., 1932, 26, 917. 

-1 Bernhart, F. TV., and Schneider, 1?. 'W., Am. J. 
Med. Sci., 1943, 205, 630. 


the gastrointestinal tract, on the other hand, 
as noted in patients with untreated pernicious 
anemia, the peak is simply delayed until about 
three hours after ingestion but is not ab- 
normalljr elevated.'^ 

Methods. Eight volunteer subjects with 
normal pregnancies of 7 to 9 months’ duration, 
one patient with eclampsia and one with a 
severe grade of preeclampsia were selected for 
study. Seven additional women with normal 
pregnancies were studied from 1 to 36 hours 
after deliver^'. Ten control subjects of similar 
age were selected from preoperative patients 
on the gynecologic serruce. All of the latter 
group were in good general health with no 
history of liver disease. Each woman was 
fasting on the morning of the test, and was 
given 4 g of tyrosine in casein solution. The 
methods of analysis employed, based upon 
the Millon reaction, were identical with those 
of Bernhart and Schneider,-* e.vcept that blood 
samples were taken at intervals oi 45 minutes 

s SwcDseid, Jl. E., and Bctliell, P. H., Proc. 
Cctiir. Soc. Clin. Pcs., 1944, 17, 40. 
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MINUTES AFTER INGESTION OF TYROSINE 


' Fio. 2. 

Tyrosine tolerauce curves on 7 iioruial puerperal woinoii. Figures in circle indicate tlie 
uuin'ber of hours after delivery. 


instead of hourly. This resulted in a change 
in the height and shape of the normal curve. 
In half the subjects of the normal non- 
pregnant and pregnant groups, urine samples 
were collected for a period of 8 hours before 
and 8 hours after administration of the tyro- 
sine. These were anal 3 'zed for tyrosyl com- 
pounds bj' the iMillon reaction as developed 
by Folin and Ciocalteu® and modified for 
urine determinations by Medes.“ 

Results. The fasting blood tjTosyd concen- 
tration of the 10 non -pregnant women was 
1.44 mg/ 100 ml ± 0.09, with a standard 
deviation of 0.28. This compares favorably 
with the value of 1.4 as previously determined 
b\' the same method,"* and with the value of 
1.48 as determined by Hier and Bergheim" 
using microbiological methods. The fasting 
blood level of the 10 pregnant women was 
definitely lowered, being 0.99 mg/100 ml 

c Folin, O., and Cioc.iltcu, T., J. Biol. Cliem., 
1927, T3, 627. 

V Hier, S. "W., and Bcrgheini, O., J. Biol. Chem., 
1946, 103, 129. 


± 0.12 with S.D. of 0.37. The difference be- 
tween these means is 3 times the standard 
error of the difference and may be considered 
significant. On the other hand, the postpartum 
values were even higher than the non-preg- 
nant level. 

The tyrosine tolerance curves for the S 
normal pregnant "women and the two toxemia 
cases are illustrated in Fig 1. It may be seen 
that the values remained low, but that 
the rate of rise is similar to that of 
normal non-pregnant women, though tend- 
ing perhaps to be somewhat flatter. There 
was no apparent delay in gastro-intestinal 
absorption as described for cases of pernicious 
anemia. The average urinarj^ output of t 3 To- 
S 3 'l compounds before the test "was 147 mg/12 
hrs, and this increased to an average of onh' 
190 mg/12 hrs after the test. There were 
occasional falls rather than rises, and there 
■were no discernible differences between the 
pregnant subjects, with or without toxemia, 
and the normal non-pregnant women. 

Soon after deliver 3 -, however, there ap- 
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peared to be a shift in the metabolism of 
tyrosine. The tjqpe of curves (Fig. 2) suggest 
impaired liver function, but it is more likely 
that the shift represents a reduced rate of 
utilization of this amino acid for protein 
synthesis in contrast to an increased utiliza- 
tion prior to delivery. This is in keeping with 
the well-known transition from a positive to 
a negative nitrogen balance after delivery. In 
the two subjects tested only 1 and 3 hours 
post-partum, the blood values were still rising 
at 90 minutes, suggesting a delayed absorption. 
This may represent a persistence of the known 
delay in both stomach emptying time and 
absorption of foodstuffs during active labor. 
The fact that pregnancy and the puerperium 
alter the tyrosine tolerance curves in opposite 
directions from the normal, and the failure to 
find further alterations in the 2 severe to.vemia 
cases, would make it hazardous to use this 
procedure as a liver function test in pregnant 


or puerperal women. 

Conclusions. 1. The fasting blood tyrosyl 
level is significantly lowered during normal 
pregnancy, but not in the puerperium. 

2. The reduced tyrosine tolerance curve 
during pregnancy suggests an increased rate 
of metabolism for this amino acid. There is 
an immediate reversal of this effect after 
delivery. 

3. Unlike histidine, the renal tubular re- 
absorption of tyrosine appears to be as com- 
plete in pregnant as in non-pregnant subjects. 

4. No alterations in tyrosine tolerance were 
noted in a case of preeclampsia nor in a case 
of eclampsia. 

5. The observed shifts in tyrosine metab- 
olism, possibly concerned with similar shifts 
in rates of protein synthesis, would probably 
invalidate the tyrosine tolerance test as a 
measure of liver function in pregnant and 
puerperal women. 
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Further Studies on Renal Hyperlipemia.* 

Walter Heymann. 

From the Department of Pediatrics, Western Deserve Vnivcrsitp School of Medicine, and The 
Bahies and Childrens Division, University Sospitals of Cleveland. 


Previous work^’-'“ has shown that in dogs 
and rats unilateral and bilateral nephrectomy 
and the parenteral administration of nephro- 
toxic agents like mercury bichloride, uranium 
nitrate and potassium dichromate are followed 
by an increased blood lipid concentration. This 
effect of bilateral renal ablation lias been 
confirmed by Winkler and associates* in dogs, 
has been recorded by these authors in mon- 
keys, and by Nekludow'’ in cats. Hjarerli- 
pemia has also been found in rats made 

* Aided b.v a grant from the John and Mary B. 


Markle IToundation. 

1 Heymann, W., Science, WiH, *>6, 

VBeymann, tV., and Clark, E. C., Am. J. Dis. 
Child., 1945, 70, 74. 

3 Heymann, W., and Sekerak, E., PrOC. Soc. E-XP. 
Bion. AND Med., 1945, CO, 276, 


e.xperimentally nephritic either by injection 
of antikidney serum® or by immunization with 
streptococcus — kidney antigen.' Hence, the 
kidneys of dogs, cats, rats and monkeys 
seem to function as part of a mechanism 
which influences blood lipid concentration. 

Whether hyperlipemia also follows ne- 
phrectomy or renal injury in human beings 
has been investigated, and animal experi- 
ments have been carried out in an attempt 

4 Winkler, A. W., Durlachor, S. H., Hoff, H. E., 
and Mann, E. B., J. Brp. Med., 1943, 77, 473. 

s Nekludow, W. N., D. f. d. gcs. exp. Med., 1925, 
47, 70. 

6 Farr, L. E., Smadel, J. E., and Holden, B. F., 
Jr., Pnoc. Soc. Exp. BioD. and Med., 1942, SI, 178 
■ 7 Cavelti, P. A., and CareUi, B. S., Arch. Path., 
1945, 40, 163. 



Further Studies on Renal Hyperlipemia 


8a 


TABLE I. 

Effect of Unilateral Neplireetomy on Serum Lipids in Alan. 


Cholesterol Total lipids 

/ — ■ N f 1 

Lowest value Highest value Lowest value Highest value 
Mg % Mg % 


Before Nephrectomy 

151 

190 

400 

540 

After 

f J 

129 

200 

310 

560 

Before 

} y 

114 

182 

490 

650 

After 

y y 

114 

191 

490 

800 

Before 

y y 

191 

238 

800 

930 

After 

yy 

102 

237 

700 

930 


TABLE 11. 

Effect of Oral Administration of Mercury Bichloride on Serum Lipids in Man. 


Cliolesterol, mg % Total lipids, mg % Lecithin, mg % 

Dose / \ / \ / \ 

in g Lowest value Highest value Lowest value Highest value Lowest value Highest value 


1.0 

210 

258 





1.0 

85 

160 

440 

720 



2.0 

52 

100 

290 

400 

136 

223 

3.0 

100 

116 

370 

490 

167 

186 

2.5 

35 

150 

470 

620 

173 

221 

2.5 

180 

272 


- 




to clarify the mechanism of the hyperlipemia. 

Methods. Cholesterol analyses were made 
according to Schoenheimer and Sperry’s meth- 
od® which had been adapted to use with a 
photoelectric colorimeter.* The total lipids 
were analyzed according to the gravimetric 
method of Wilson and Hammer;^* phos- 
pholipids were determined after e.xtraction 
according to the technic of Bloor, with the 
method of Benedict and Theis^*^ and were 
calculated as lecithin. 

Effect of Unilateral Nephrectomy on Sc- 
rum lipids in Man. Three patients with hydro- 
nephrosis, pyohydronephrosis and renal tuber- 
culosis, respectively, were subjected to un- 
ilateral nephrectomy. During a period of 4 
to 8 days before operation, determinations of 
total lipids and total and free serum cholester- 
ol were carried out 2 to 4 times and daily for 
2 to 3 weeks after the removal of one kidnejL 
(Table I) No postoperative hj-perlipemia was 
observed. 

S Schoenheimer, B., and Sperry, W. M., J. Biot. 
Chem., 1934, IOC, 745. 

9 Fitz, F., J. Biot. Chem., 1935, 109, 523. 

10 Wilson, W. It., and Hanner, J. P., J, Biol. 
Chem., 1934, IOC, 323. 

11 Benedict, S. B., .and Theis, B. C., J. Biot. 
Chem., 1924, Cl, G3. 


Effect of Mercury Bichloride Poisoning on 
Serum Lipids in Man. Total lipid, cholesterol 
and phospholipid deterniinations were carried 
out each day or every other day for 5 to 14 
daj’s on the sera of 6 patients who had taken 
mercury bichloride orally. Four of the 6 suf- 
fered severe kidney damage and died of 
uremia. Table II shows that all of the lipid 
values were normal or low. The observations 
thus failed to confirm the results of Wichert, 
Jakowlewa and Pospeloff^* ivho found high 
cholesterol values in the blood of 2 patients 
poisoned with mercury bichloride. 

Effect of Repeated Intravenous Infusions 
on the Hyperlipemia observed in Dogs 
.-Iftcr Unilateral Nephrectomy. Because the 3 
nephrectomized patients had received, after 
their operations, an intravenous infusion of 
1000 cc of Ringer’s solution and 1000 cc of 
5% glucose solution, we investigated the effect 
in dogs of such infusions upon the develop- 
ment of the post-nephrectomy hj'perlipemia. 
Three dogs were unilaterally nephrectomized! 

^ Wichert, M., Jahowlew.!, A., and Pospeloff, S., 
Z. f. l-tin. Med., 1924, 101, 173. 

tWe arc greatly indebted to Dr. Harrv GoldblaU 
of the Institute of Pathology, Western Eeserve 
University, School of Medicine, for performing the 
operations on the dogs. 
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and given intravenous infusions every day 
or two after operation. Per kg body weight, 
70 to SO cc of equal parts of Ringer s and 
5% glucose solution, were infused as in the 
neVectomized patients. The infusion was by 
continuous intravenous dnp ^ 

hours between 9 and H a.m. Blood samples 
t:;^btained for analysis before ih^n usions 
were started. Comparison of the results tPi^- 
1 ) with those previously obtained - s o 
that the intravenous administration of th 
“ . a f Rp trlucose did not abolish, but 

re.rular and less marked m the Q . 
received fluids after operation. 

on Hyperlipemia Obscric si- 

r;rThe fETdS- 



Lecithin, A — 

Cholesterol, • • 

lipids was also studied in 3 dogs injected sub- 
cutaneously with S mg per kg body weight ot 
mercury bichloride one day previous to the 
first infusion. Fig II shows that the infusions 
had little influence on the hyperlipemia devel- 
opment. 

E§ect of Repeated Oral Admmhiration of 
Carbon Tetrachloride on Hyperlipemia Ob- 
served in Dogs after Subcutaneous Infection 
of Mercury Bichloride. In dogs and rats the 
oral administration of mercury bichloride had 
been previously shown'- not to induce the 
hvoerlipemia regularly observed after its 
parenteral administration. In both instances 
renal injury is produced. Inasmuch as mercury 
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Effect on serum lipids in one of 3 dogs given 
earbon tetraciiloride by stomaeli tube previous to a 
subcutaneous injection of mercury bichloride. 

Total Lipids, '□ □ 

Lecithin, ^ A. 

Cholesterol, • • 

bichloride absorbed into the portal circulation 
might influence liver function, the effect of 
oral administration of carbon tetrachloride 
on the development of hj-perlipemia was stud- 
ied in dogs injected with mercur}' bichloride. 
After 5 cc of carbon tetrachloride had been 
given to 3 dogs by stomach tube at 2 to 4 
day intervals for 12 to 18 daj-s, 5 mg of 

mercur}' bichloride were injected subcutane- 
ously. No elevation in blood lipid values was 
found in 2 of the dogs (Fig. 3), In the third, 
onl}' a slight, delayed and irregular increase 
in total lipids and cholesterol was observed, 
and the phospholipids remained unchanged. 
The administration of carbon tetrachloride 
had thus inhibited the development of hyper- 
lipemia otherwise observed after parenteral 
administration of mercury bichloride. 

Discussion. The hyperlipemia observed in 
dogs after unilateral nephrectomy was not 
found in 3 human beings in whom one 
diseased kidney had to be removed. Although 
the conditions varied in the two series, it 
seems unlikely that the disparity is attribut- 
able to intravenous administration of fluids 
to the 3 nephrectomized patients after the 
operation. A possible explanation is that 


in the dogs, healthy kidneys were removed, 
whereas the kidney^s removed from the 3 
patients were severely diseased. In 2 of the 
3 patients, two-thirds of the removed kidneys 
seemed to be intact, but only- 2 to 3mm of 
cortex was left in the 3rd kidney. Unimpaired 
anatomical structure of about two-thirds of 
renal tissue, however, does not imply function- 
al integrity^ Welsh, hlellin and Taydor^® have 
shown that certain functional changes ac- 
companying the renal hypertrophy^ which 
follows unilateral nephrectomy in human 
beings, are not observed when the removed 
kidney is severely diseased. 

In dogs and rats the parenteral administra- 
tion of mercury bichloride is regularly' followed 
by hyperlipemia. This is not the case, how- 
ever, when the mercury' bichloride is given 
by stomach tube. The results of oral admin- 
istration in human beings are in agreement 
with those obtained in animals given mercury 
bichloride by stomach tube. Whv hyper- 
lipemia develops only after parenteral and 
not after enteral administration of mercury 
bichloride, despite the fact that renal injury 
is produced in both instances, remains to be 
clarified. Suggestive evidence was obtained 
that liver function could interfere with the 
development of hyperlipemia. Liver injury, 
produced experimentally by carbon tetra- 
chloride in 3 dogs, inhibited the development 
of the hy'perlipemia othenvise regularly ob- 
served after the parenteral administration of 
mercury bichloride. 

Summary. 1. Determinations of total lipids, 
total and free cholesterol were carried out 
in 3 patients subjected to unilateral nephrec- 
tomy. No hyperlipemia was observed. 

2. Total lipids, cholesterol and phospho- 
lipids were determined in the serum of 6 
patients with mercury' bichloride poisoning. 
The values were normal or low. 

3. Daily intravenous infusions of equal parts 
of 5^0 glucose and saline solution in dogs 
after unilateral nephrectomy' and subcutan- 
eous injection of mercury bichloride had 
some influence on the post nephrectomy hyper- 
lipemia. 

IS ■V^.^lsll, G. ^V., Mellin, L., and T.nylor, II. C,, 
Jr.. J. Cfiii. Inrcst., 1944, 2.1, TnO. 
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Tio. 1. 

Effect o£ intravenous infusions of equal parts of 
Singer’s and 5% glucose solutions on serum lipids 
after unilateral nephrectomy in one of 3 dogs. 

IT. N., Unilateral nephrectomy. 

Iv. Inf., Intravenous infusions. 

Total Lipids, Q □ 

Lecithin, A A 

Cholesterol, • • 

and given intravenous infusions every day 
or two after operation. Per kg body weight, 
20 to SO cc of equal parts of Ringer’s and 
5% glucose solution, were infused as in the 
nephrectomized patients. The infusion was by 
continuous intravenous drip for to 2 

hours between 9 and 11 a.m. Blood samples 
were obtained for analysis before the infusions 
were started. Comparison of the results (Fig. 
1) with those previously obtained'-- showed 
that the intravenous administration of the 
Ringer’s and the glucose did not abolish, but 
did limit the extent of the post nephrectomy 
hvperlipemia. The changes in cholesterol, leci- 
thin, and total lipid values observed were ir- 
regular and less marked in the dogs that 
received fluids after operation. 

Effect of Repeated Intravenous Infusions 
on Hyperlipemia Observed in Dogs after 
Parenteral Administration of Mercury Bi- 
chloride. The effect of daily infusions on blood 



DAIS 

Eic. 2. 

Effect of intravenous infusions of equal parts of 
Kinger’s and 5% glucose solutions on hyperlipemia 
following injection of mercury bichloride in one 
of 3 dogs. 

Iv. Inf., Intravenous infusions. 

Total Lipids, [J [J 

Lecithin, A A 

Cholesterol, • • 

lipids was also studied in 3 dogs injected sub- 
cutaneously with 5 mg per kg body weight of 
mercury bichloride one day previous to the 
first infusion. Fig II shows that the infusions 
had little influence on the hyperlipemia devel- 
opment. 

Effect of Repeated Oral Administration of 
Carbon Tetrachloride on Hyperlipemia Ob- 
served in Dogs after Subcutaneous Infection 
of Mercury Bichloride. In dogs and rats the 
oral administration of mercury bichloride had 
been previously shown'-- not to induce the 
hyperlipemia regularly observed after its 
parenteral administration. In both instances 
renal injury is produced. Inasmuch as mercury 
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TABLE I. 

Effect of Intravenous Injectioa of Insulin on Blood Glucose Concentration of Intact Cats. 

The cats were fasted about 24 hr. Just after collection of a control blood sample from a femoral 
vein, the material indicated iras injected. Additional blood samples vrere obtained 5, 10, 20, and 40 
minutes after the injection. Glucose vras estimated by the method of ATelson.^ 


Substance injected 

Dose, ml or 
units per hg 
bodjTvt 

Blood glucose, mg per 100 ml 


Control 

5 TQXn. 

10 min. 

20 min. 

40 xoio* 

Mater 

0.1 

S4 

S6 

7S 

SO 

S5 


O.S 

79 

82 

S4 

78 

79 


1.0 

91 

97 

94 

94 

92 

0.15C If Xaa 

0.1 

S3 

Si 

87 

S2 

87 


0.2 

So 

S4 

86 

79 

SO 


1.0 

po 

92 

87 

91 

90 

Crvstalline zinc insulin, Lillv 

0.1 

Ij7 

70 

70 

41 

24 


2.0 

54 

72 

86 

51 

30 

•’ ” ” Sharp &■ Dohme 

0.1 

70 

SI 

76 

64 

55 


2.0 

65 

so 

Oi 

42 

31 

” ” ” Sqmbb 

0.1 

72 

S2 

7S 

59 

42 


2.0 

61 

S3 

SI 

56 

38 

Amorphous insulin, Squibb 

0.1 

71 

S9 

S6 

54 

43 


2.0 

07 

93 

S3 

42 

32 

Crvstalline zinc insulin,* Lillv. pH 7 

0.1 

65 

70 

71 

63 

52 

pH 7 

2.0 

SI 

94 

S9 

76 

47 

pH 11 

2.0 

103 

135 

119 

106 

75 

pH 3 

2.0 

71 

112 

101 

S3 

62 

XOVO insulin 

0.1 

75 

70 

64 

57 

40 


1.0 

7S 

70 

61 

52 

24 


2.0 

so 


04 

4S 

2S 


* Solid material dissolved in 0.01 If HCl followed bv sufScient 0.01 If XaOH to give pH indicated. 


Transiton' hyperglycemia tvas a common 
occurrence following administration of earlier 
preparations of amorphous insulin, but with 
the advent of crt-stailine insulin it appeared 
that the htperglycemic effect was due to im- 
purities in the amorphous material.'-'^ Dr. R. 
Levine, with whom the findings considered 
above were discussed, pointed out that Duve’’ 
recently stated that intravenous injection of 
one insulin preparation (Lilly) had a hyper- 
glycemic effect and that another (N(3VO) 
did not. Thus, lest of the latter preparation 

I Olscu, X. S., and Klein, J. E., Fed. Froc., 1947, 
C. 2S2. 

c Xclson. X., J. Biol. Clicm., 1944, 153, 375. 

3 Geiiing, E. At. Ki, and DeBawder, A. 3X., 
J. Phnrm. E^p. Thcrap., 1930, 39, 369, 

■* Burger. At., and Kramer, H., Arch. czp. Faih. 
Plwrtr.ahot., 1930, 156, 1. 

3 Have. C. do. Glucose, IrsuUr.c ct Diahcic. pp, 
XKVII, 307 . Masson ct Cic, Paris, 1945, 


was made in anesthetized and intact cats. 
.\s indicated by the data in the tables and 
other e.vperiments, injection of NOVO insulin 
in doses up to 10 units per kg body weight 
was followed only by a decrease in glucose 
level. 

Test for h\-pergiycemic response in species 
other than the cat was not made in the pres- 
ent work. However, it has been stated that in 
the dog constant intravenous injection of 
certain insulin preparations has a hypergly- 
cemic effect.'’' and that in man the fall of 
blood glucose level begins more rapidly fol- 
lowing intravenous injection of NOVO in- 
sulin than with other preparations.' Further, 
the glycogenolytic effect of some insulin 

c Levine, B., and Careu, E., An. J. Physiol, in 
press. 

> McCulloch, W. S., unpublished data obtained 
in this laboratory. 
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4. Repeated oral administration of carbon jection of mercury bichloride in 3 dogs pre- 
tetrachloride prior to the subcutaneous in- vented the hyperlipemia in 2 of the animals. 
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Hyperglycemia Induced by Certain Insulin Preparations.* 

NOEMAN S. OLSENt AND J. RAYMOND KlEIN. 

From the Department of Psychiatry, University of Illinois College of 2Iedicine, Illinois Ncuro 

psychiatric Institute, Chicago. 


In an attempt to demonstrate electroence- 
phalographic changes characteristic of hypo- 
glycemia, a preparation of insulin was in- 
jected intravenously into a paralyzed, arti- 
ficially respirated cat at 30-minute intervals, 
the initial dose being one unit per kg body 
weight and each subsequent dose twice that 
of the preceding one. Four hours after the 
initial dose, no change in the electroence- 
phalogram was evident. In similar e-Yperiments 
a transitory increase in blood glucose con- 
centration usually followed each injection of 
insulin and hypoglycemia did not develop. 

Since the cats used in the e.Yperiments 
considered above were paralyzed with dihydro- 
jd-erythroidine hydrobromide and the blood 
glucose levels were high, the effect of intra- 
venous injection of insulin preparations on 
the concentration of blood glucose was tested 
in anesthetized {am 3 -'tal) and intact cats. 
Representative data are given in Tables I and 
II. In addition to the experiments summarized 
in the tables, others were carried out in which 
different times of collection of blood were 
used, no injection was made, other prepara- 
tions of amorphous insulin were used, arterial 
blood was assayed, doses of insulin inter- 
mediate to and greater than those indicated 
were employed, and in which insulin was 
given subcutaneously and intramuscularly. 
The effect of intravenous injection of insulin 
during hypoglycemia, induced bj' insulin, and 
hyperglycemia, induced by a dministration of 

» Aided tj-'"grants Eockcfeller and 


glucose, was also tested. 

The results of the experiments may be sum- 
marized as follows. Intravenous injection of 
water or salt solution in volumes comparable 
to the volumes of insulin used provoked no 
marked change, or certainly no consistent 
change, in blood glucose level. With intra- 
venous injection of all preparations of insulin 
tested (except NOVO) the blood glucose 
concentration increased, the maximum oc- 
curring 5-10 minutes after injection. The 
glucose concentration returned to the control 
level 20-30 minutes after injection at which 
time hypoglycemia began to develop. The 
increase in glucose concentration was evident 
with 0.1 unit of insulin per kg body weight 
and marked with one unit. The hyperglycemic 
effect seemed to be somewhat more pro- 
nounced in the anesthetized than in the in- 
tact or paralyzed cat. 

The effect was apparently independent of 
the blood glucose level, e.g. intravenous in- 
jection of 2 units of a preparation of crystal- 
line zinc insulin per kg when, after intra- 
muscular administration of insulin, the blood 
glucose level was graduallj' falling and had 
reached 18 mg per 100 ml, was followed by 
an increase in glucose level to 82 mg per 
100 ml and disappearance of electroencephal- 
ographic changes characteristic of hjpo- 
glycemia; likewise, intravenous injection of 
insulin, at high blood glucose levels, induced 
by administration of glucose, was followed bj' 
increases in glucose level. AVith subcutaneous 
and intramuscular administration of the sev- 
eral preparations of insulin no increase in 


iah Macy, Jr., Foundations. , 

Present address: Department of Biological 
Tiemistry Washington -Dniversity, St. Louis, Mo. blood glucose level occurred. 
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TABLE I. 

Effect of Intravenous Injection of Insuliii on Blood Glucose Concentration, of Intact Cats. 

The cats were fasted about 24 Ur. Just after collection of a control blood sample from a femoral 
vein, tlie material indicated was injected. Additional blood samples were obtained 5, 10, 20, and 40 
minutes after the injection. Glucose was estimated by tlie method of yelson.a 


Bose, ml or Blood glucose, mg per 100 ml 

units per kg . 


Substance injected 

bodywt 

Control 

5 min. 

10 min. 

20 nun. 

40 min. 

VTatcr 

0.1 

84 

so 

78 

SO 

85 


0.3 

79 

82 

84 

7S 

79 


1.0 

91 

97 

94 

94 

92 

O.ISG 3f NaCl 

0.1 

S3 

82 

87 

82 

87 


0.2 

S5 

84 

86 

79 

SO 


1.0 

90 

92 

87 

91 

90 

Crystalline zinc insulin, Lilly 

0.1 

07 

70 

70 

41 

24 


2.0 

-ji 

72 

SO 

51 

30 

” ” ” Sharp & Dohme 

0.1 

70 

81 

70 

04 

55 


2.0 

65 

SO 

57 

42 

31 

” ” ” Squibb 

0.1 

72 

82 

78 

59 

42 


2.0 

01 

S3 

81 

56 

3S 

Amorphous insulin, Squibb 

0.1 

71 

89 

SO 

54 

43 


2.0 

67 

93 

S3 

42 

32 

Crystalline zinc insulin,* Lilly, pH 7 

0.1 

05 

70 

71 

03 

52 

pH 7 

2.0 

81 

94 

89 

70 

47 

pH 11 

2.0 

103 

135 

119 

100 

To 

pH 3 

2.0 

71 

112 

101 

S3 

02 

NOVO insulin 

0.1 

75 

TO 

04 

57 

40 


1.0 

7S 

TO 

01 

52 

24 


2.0 

80 

78 

04 

4S 

28 


* Solid material dissolved in 0.01 If HCl followed by sufficient 0.01 31 NaOH to give pH indicated. 


Transitorj' hv'perglycemia was a common 
occurrence following administration of earlier 
preparations of amorphous insulin, but with 
the advent of crystalline insulin it appeared 
that the hj^perglycemic effect was due to im- 
purities in the amorphous material."’^ Dr. R. 
Levine, with whom the findings considered 
above were discussed, pointed out that Duve"’ 
recently stated that intravenous injection of 
one insulin preparation (Lilly) had a hj-per- 
glycemic effect and that another (NOVO) 
did not. Thus, test of the latter preparation 

1 Olsen. N. S., and Klein, J. E., Fed. Froc., 1947, 
0, 2S2. 

2 Nelson. N., J. Biol. Client., 1944, 153, 375. 

2 Gciling, E. M. K., and BcL.iwdcr, A. 31., 
J. Fhnrm. Fxp. Therap., 1930, 39, 309. 

'• Burger, 31., and Kramer, H., Arch. exp. Fath. 
Phnrnwl-ol, 1930, 15C, 1, 

5 Dure, C, de, Glucose, ZnsuHne ct Biahclc, pp. 
XXVII. 307, 3IaEson et Cie, Paris, 1945. 


was made in anesthetized and intact cats. 
.-Vs indicated by the data in the tables and 
other AYperiments, injection of NOVO insulin 
in doses up to 10 units per kg body weight 
was followed only by a decrease in glucose 
level. 

Test for hjpergiycemic response in species 
other than the cat was not made in the pres- 
ent work. However, it has been stated that in 
the dog constant intravenous injection of 
certain insulin preparations has a hvpergly- 
cemic effect," and that in man the" fall of 
blood glucose level begins more rapidly fol- 
lowing intravenous injection of NOVO in- 
sulin than with other preparations.' Further, 
the glycogenolytic effect of some insulin 

"Be vine, E., and Caren, E., Am. J. Fhi/siol., in 
press. 

7 yicCnllocb, W. S., unpublished data obt.ained 
in this laboratory. 
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T.« . -r TABLE II. 

Effeet of Intravenoiis Iiijection of Insulin on Blood Glucose Concentration of Anesthetized Cats 
Tiii^ fi anesthetized by subcutaneous injection of 0.07 g sodium anij-tal per kg bodj- weicht 

I^i3(^cr oxpeninental details n-erc the same as indicated in Table I. -J i ^ weigiit. 


Substance inj. 

Dose, ml or 
units per kg 
bodj' \vt 


Blood glucose, mg per 100 ml 


Control 

5 min. 

10 min. 

20 min. 

40 min. 

AVater 

0.1 

.13 

31 

56 

^57 

66 


0.3 

95 

85 

86 

90 

93 


1.0 

89 

95 

95 

SO 

S3 

0.156 If NaCl 

0.1 

58 

02 

55 

58 

45 


0.2 

61 

03 

50 

77 

50 


1.0 

GO 

58 

02 

59 

60 

Crystalline zinc insulin, Lilly 

0.1 

■ 74 

90 

81 

62 

50 


2.0 

82 

138 

137 

86 

48 

” ” ” Sharp & Dohme 

0.1 

61 

78 

62 

50 

37 


2.0 

73 

121 

130 

102 

87 

” ” ” Squibb 

0.1 

63 

91 

86 

51 

39 


2.0 

72 

115 

123 

115 

72 

Amorphous insulin, Squibb 

0.1 

59 

73 

58 

40 

24 


0.2 

03 

101 

71 

59 

42 

Crystalline zinc insulin, Lilly, pH 7 

0.1 

71 

84 

79 

66 

52 

pH 7 

2.0 

93 

120 

109 

97 

63 

pH 11 

2.0 

78 

104 

84 

88 

52 

pH 3 

2.0 

66 

98 

110 

95 

66 

NOVO insulin 

0.1 

66 

64 

66 

54 

23 


1.0 

70 

65 

48 

35 

19 


2.0 

68 

66 

69 

56 

43 


preparations on rat and rabbit liver in vitro 
is not obtained with NOVO insulin.® 

The cause of the increase in blood glucose 
following intravenous injection of certain 
preparations of insulin is not knotra at pres- 
ent and for many purposes, e.g. the thera- 
peutic, it is of no importance. However, in 
e.Yperiments concerned with the effect of these 
preparations of insulin on metabolism in vitro 
or in carbohydrate balance studies following 
intravenous injection of insulin, the hyper- 
glycemic effect should obviously be considered. 

8 Sutherland, E. IV., aud Cori, 0. F., Fed. Froc., 
1947, 6, 297. The observation cited tr.as given in 
the amplified, verbal report. 


Summary. Intravenous injection into cats 
of certain preparations of amorphous and 
crj'stalline insulin was found to provoke a 
transitory increase in blood glucose level. 
Vh’th one preparation, NOVO, no increase 
in glucose level occurred. 

AVe are indebted to Hr. D. P. Eobertson, Merck 
and Co., Inc., for a supply of dihydro-^- 
ervthroidine bydrobromide ; to Dr. L. Earle 
Arnow, Sharp and Dohme, Ine., for crystalline zinc 
.and amorphous insulin; to Dr. K. E. Chen, Eli 
Lilly and Co., for solid crystalline insulin; to 
Terapeutisk Laboratorium A/S, Copenhagen, Den- 
mark, for NOVO insulin; and to Eli Lilly and 
Co., for sodium amytal. 
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Physical-Chemical Factors in Agglutination of Sheep Erythrocytes by 

Influenza Virus.* 

Thomas P. ^Iagill and John Y. Sugg. 

From the Department of Bacicriolor]!i and Immiinolopi/. Cornett Vnirersitp 2[edicat Cottege, 

Xeir Tor): Cif;/. 


The literature contains conflicting data 
concerning the agglutination of sheep ery- 
throcytes by influenza virus. iSIcLelland and 
Hare' failed to obtain agglutination with 
either of the A or B strains used in their 
tests; Burnet- and Clark and Nagler^ ob- 
tained agglutination with some influenza virus 
strains but not with others. 

The data included in the present paper 
show that agglutination of sheep erythrocytes 
by the WS strain' of influenza virus is de- 
pendent upon physical-chemical factors ; when 
the requirements are satisfied, sheep celb 
yield essentially the same results as chicken 
cells in tests for the presence of influenza 
virus, and for the demonstration of influenza 
virus antibodies by the agglutination-inhibi- 
tion test. The WS strain seemed particularly 
well suited to studies concerning the effects 
of physical-chemical factors on agglutination 
of sheep erythrocytes by influenza virus be- 
cause this strain has been found by others 
not to cause agglutination of sheep cells under 
the usual test conditions. 

Materials and Methods. The stock virus 
suspensions consisted of pooled allantoic fluid 
obtained from 30 to 40 eggs containing 13- to 
I4-daj's-old embryos, and which had been 
inoculated beneath the chorio-allantoic mem- 
brane 2 days previously, with an egg adapted 
strain. The normal allantoic fluid was pooled 

* This iiivcstig.ilion was aided by a grant from 
the .Toim and Mary R. Markle Foundation. 

1 McLelland, 1.,, and Hare, E., Canad. J. Fuh. 
Ilnitlh. intl. 32, 530. 

e Burnet, P. JI., Jnsl. J. Diot. and iled. Sc.. lOi'2. 
20. SI. 

3 Clark, E., and Nagler, P, P. O., Aust. .T. Biot, 
and Jlcd. Sc., 1943, 21, 103. 

^ Smitli, tv., Andrewes, C. H., and Eaidlavr. 
P. P., Lancet, 1933, 2, GG. 


from eggs containing embiyos of the same 
age as those from which the infected fluid 
was obtained. The erythrocyte suspensions 
were prepared in saline after thorough wash- 
ing. from citrated sheep blood which contained 
0.04% formalin for bacteriostatic purposes. 
Mcllvaine's phosphate-citric acid buffer^ was 
used in all tests; it seemed to be superior to 
phosphate buffers for the present purposes. 

All tests for hemagglutination were made 
after the method described b\’’ Hirst,® in 10 
X 7Smm precipitin tubes. The total volume of 
ingredients was 0,6 ml. The degrees of ag- 
glutination were read on the basis of the 
cell patterns on the bottoms of the tubes, 
after the tests had been at room temperature 
sufficiently long (about 2 hours) for the ery- 
throcytes to completely settle; they are re- 
corded as no agglutination (0), partial ag- 
glutination (-r). and complete agdutination 

Residts. Table I shows the results of an 
experiment made to determine the effect of 
pH upon agglutination of sheep erythrocytes 
by difi'erent concentrations of WS-infected, 
and normal allantoic fluids. Test mixtures 
consisted of equal volumes (0.2ml) of al- 
lantoic fluid (infected or normal), buffer, 
and J4% suspension of sheep erythrocytes. 

In tests (Table I) with 1-100 dilution of 
infected allantoic fluid the virus caused ag- 
glutination of sheep erythrocytes ever most 
of the pH range tested. However, in tests 
with other concentrations of infected allantoic 
fluid, agglutination depended upon pH, and 
to some extent upon the concentration of al- 

^Cl.-irk, tv. M., The Determination of Hydrogen 
Ions, Baltimore, tViliiams and tVilkins Co., 192S, 
p. 214. 

C Hirst, G. K., Science, 1941, 04, 22. 
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TABLE II. 

Effect of Intravenous Injection of Insulin on Blood Glucose CVjncentration of Anesthetized Oats 
The cats ivere anesthetized by subcutaneous injection of 0.07 g sodium amytal per kg body weight 
The other e.xponniental details were the same as indicated in Table I. r o j b • 


Substance inj. 

Dose, Dll or 
units per kg 
body wt 

y 

Control 

Blood glucose, mg per 100 ml 

5 min. 10 min. 20 min. 

A 

40 niin. 

Water 

0.1 

■63 

51 

56 

.57 

~~G6~ 


0.3 

95 

So 

86 

96 

93 


1.0 

89 

95 

95 

SO 

S3 

0.156 M ALaOl 

0.1 

58 

62 

55 

58 

45 


0.2 

61 

63 

50 

77 

56 


1.0 

60 

58 

62 

59 

60 

Crystalline zinc insulin, Lilly 

0.1 

■ 7i 

90 

81 

62 

50 


2.0 

82 

138 

137 

86 

48 

” ” ” Sharp & Dohme 

0.1 

61 

78 

62 

50 

37 


2.0 

73 

121 

130 

102 

87 

" » >> Squibb 

0.1 

63 

91 

86 

51 

39 


2.0 

72 

115 

122 

115 

72 

Amorphous insulin, Squibb 

0.1 

59 

73 

56 

40 

24 


0.2 

63 

101 

71 

59 

42 

Ci^stalline zinc insulin, Lilly, pH 7 

0.1 

71 

84 

79 

66 

52 

pH 7 

2.0 

93 

120 

109 

97 

63 

pH 11 

2.0 

78 

104 

84 

88 

52 

pH 3 

2.0 

66 

98 

110 

95 

66 

NOA^O insulin 

0.1 

66 

64 

66 

54 

23 


1.0 

70 

65 

48 

35 

19 


2.0 

68 

66 

69 

56 

43 


preparations on rat and rabbit liver /« pt/fd 
is not obtained with NOVO insulin.® 

The cause of the increase in blood glucose 
following intravenous injection of certain 
preparations of insulin is not knotra at pres- 
ent and for many purposes, e.g. the thera- 
peutic, it is of no importance. However, in 
experiments concerned with the effect of these 
preparations of insulin on metabolism in vitro 
or in carbohydrate balance studies following 
intravenous injection of insulin, the hyper- 
glycemic effect should obviously be considered. 

s Sutherland, E. IV., and Cori, C. F., Fed. Froc., 
1917, 6, 297. The observation cited was given in 
the amplified, verbal report. 


Summary. Intravenous injection into cats 
of certain preparations of amorphous and 
crjistalline insulin was found to provoke a 
transitory increase in blood glucose level. 
AVith one preparation, NOA^’O, no increase 
in glucose level occurred. 

We are indebted to Dr. D. F. Bohertson, Merck 
and Co., Inc., for a supply of dihydro-^- 
erythroidine hydrobromide; to Dr. L. Earle 
Arnow, Sharp and Dohme, Inc., for crystalline zinc 
.and amorphous insulin; to Dr. K. K. Chen, Eli 
Lilly and Co., for soBd crystalline insulin; to 
Terapeutisk Laboratorium A/S, Copenliagcn, Den- 
mark, for NOVO insulin; and to Eli Lilly and 
Co., for sodium amytal. 
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TjIBLE II. 

CoDiparison of Cliickoii with Sheep Eiythroeytes for the Detcnninatioii of Virus Content of 

Allantoic Fluid. 


Erytlirocyte suspension 




2-fokl dilution of fluid 




1 

2 

3 

4 

5 

0 

7 

s 

9 

10 ' 

Cliickeii 

.A 

+-F 


++ 

4"+ 

++ 

++ 

++ 

4- 

0 

0 


B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SIiccp 

A 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

-f 

0 

0 


B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


A WS infected allantoic fluid; B = Uninfected allantoic fluid. 

The systems m the case of sheep cell tests contained pH 5.8 buffer, these in the chicken eel! 
tests contained saline. 


TABLE III. 


Comparison of Chicken rvith .Sheep Erythrocytes for the Determination of Influenza Virus Anti- 
bodies by the Asglutination-inliibition Test. 


Erythrocj'tc 

suspension 

Ferret 

scrum 



Initinl 2-folfl dilution of serum 



3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

Chicken 

infl. A 

0 

0 

0 

0 

0 

0 

0 

++ 

++ 

++ 


infl. B 

0 

+ 

++ 

++ 

++ 

+ + 

+ + 

4-4- 

++ 

++ 

Sheep 

infl. A 

+ + 

•f 

0 

0 

0 

0 

4- 

++ 

++ 

4 — r 


infl. B 

+ + 

+ 4* 

•F-f- 

4*4“ 

4-4' 

+ + 

++ 

"i — h 

4"+ 

4*4- 


Titration of Virus Suspension Used in Test. 




Initi.il 

2-fold dilution 




Erythrocyte su.spension 

' 1 

2 3 

4 

5 

G 

7 


Cliiekon 

d-F 

d — h + + 

+ 

0 

0 

0 


Sheep 

F-F 

++ ++ 

+ + 

0 

0 

0 



The systems in the ease of the sheep cell tests contained pH 5.8 buffer, those in the chicken 
cell tests contained saline. 


■with strains of influenza B. The test mixtures 
In the case of the sheep cell tests contained 
equal volumes (0.2 ml) serum dilution, WS 
allantoic fluid diluted 1:32 with pH 5.8 buffer, 
and ^4% sheep ert'throct'tes. The tests with 
chicken cells differed in that the ^YS allantoic 
fluid was diluted 1:32 with saline, and the 
chicken cell suspension was 

It is clear from the data (Table III) that 
the inhibitory effect of influenza A antiserums 
on agglutination of erythrocytes by the WS 
strain was detectable with the sheep erythro- 
cytes as readily as with chicken cells. The 
inhibitory effect of the serum in the dilutions 
2-' to 2 " in both instances must have been 
specific, because it was not obtained with 
influenza B virus antiserums. It is interesting 
that the non-specific effect of the serums 
(dilutions 2'"- and 2'') differed in the 2 tests. 


In the case of tests with chicken cells, the 
serum caused inhibition of the virus hemag- 
glutination, In the sheep cell tests, however, 
the serum itself agglutinated the erythrocytes. 

Summary. The data indicate that agglutina- 
tion of sheep erythrocytes by influenza virus 
(WS strain) is influenced by physical-chem- 
ical factors within the test systems, and 
especially by the hydrogen-ion concentration. 
Over a relatively wide pH range, agglutina- 
tion of sheep cells is inhibited by substances 
present in allantoic fluid, normal and infected. 
The allantoic fluid inhibition is ineffective 
in the pH range 5.8 to 6.0. When the test 
systems are adjusted with pH 5.8 buffer, and 
^4% to ’4% cell suspensions are employed, 
sheep erythrocytes may be used with' es- 
sentially the same results as obtained with 
chicken cells, for the determination of influ- 
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lantoic fluid. .Agglutination was caused by all 
dilutions of infected fluid, between pH 5.6 
and pH 6.4; but in the more alkaline pH 
range the agglutination of sheep cells by 
virus was inhibited b}' substances present in 
the allantoic fluid, the degree of inhibition 
decreasing with decrease in concentration of 
allantoic fluid. 

Buffer, in the absence of normal and in- 
fected allantoic fluids caused agglutination of 
the sheep cells between pH 4.6 and 5.0 and 
between pH 7.4 and 7.6; also, some agglut- 
ination was caused by concentrated normal 
and infected allantoic fluid at pH 7.8-8.0. 

The combined effects of agglutination by 
virus, allantoic fluid and buffer (pH) on the 
one hand, and inhibition by allantoic fluid 
on the other, would render sheep cell tests 
unreliable over a large portion of the pH range 
tested. Nevertheless, at the pH range S.8-6.0, 
sheep erythrocytes ivere so readily agglutin- 
ated by the virus that it seems likely that in 
a system adjusted to that pH, sheep erythro- 
cytes should be satisfactory for influenza virus 
tests. It is to be noted, hoivever, that con- 
centration of cells is a very important factor. 
The best results are obtained with suspensions 
containing between % and ^ % of packed 
cells; very little agglutination is obtained 
with suspensions of 2% or more. 

Table 11 compares sheep with chicken 
erythrocytes in tests to determine the virus 
content of allantoic fluid. The test mi.vtures 
contained equal volumes (0.2 ml), in the one 
instance of allantoic fluid (infected or un- 
infected), saline and chicken cell sus- 

pension; and in the other instance, allantoic 
fluid, buffer pH 5.8, and sheep cell sus- 
pension. 

It is clear (Table II) that the hemag- 
glutinating effect of the infected allantoic 
fluid was appro.vimateb" the same in tests 
with sheep cells as in tests with chicken cells. 

Table III summarizes the results of an ag- 
glutination-inhibition test of known influenza 
virus antiserums versus the WS strain of 
virus. The pooled serums were from ferrets 
w'hich had been repeatedly inoculated intra- 
nasally, in the one instance with strains of the 
virus of influenza A, and in the other instance 
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TABLE II. 

Comparison of Chicken ivith Sheep Ei'rthrocytes for the Determination of Virus Content of 

Allantoic Fluid. 







2-fold dilution of fluid 




Erythrocyte suspension 

1 

2 

3 

4 

5 

6 

7 

s 

9 

lo' 

Chicken 

A 

++ 

++ 

++ 

H — h 

0 

++ 

+ + 

++ 

+ 

0 

0 


B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sheep 

A 

++ 

++ 

++ 

-f-b 

0 

++ 

+ -1- 
0 


+ 

0 

0 


B 

0 

0 

0 

0 

0 

0 

0 

0 


A = VS infected allantoic fluid; B = Uninfected allantoic fluid. 

The systems in the case of sheep cell tests contained i)H 5.8 buffer, those in the chicken cell 
tests contained saline. 


TABLE III. 


Comparison of Chicken Tvith Sheep Erythrocytes for the Determination of Influenza Virus Anti- 
bodies by the Agglutination-inhibition Test. 


Erythrocyte 

suspension 

Eerrct 

serum 



Initial t 

!-fold dilution of serum 



3 

4 

5 

6 

7 

s 

9 

10 

11 

12' 

Chicken 

infl. A 

0 

0 

0 

0 

0 

0 

0 

4--f 

4-+ 

4-4- 


infl. B 

0 

+ 

++ 

++ 

++ 

++ 

+ + 

++ 

++ 

++ 

Sheep 

infl. A 

+ + 

+ 

0 

0 

0 

0 

+ 


+4- 

4--r 


infl. B 

+ + 

+ -f- 

+ + 

++ 

+ + 

+ + 


4-*i* 

4-4- 

T — |- 


Titration of Virus Suspension Used in Test. 




Initial 

2-fold dilution 



Erythrocyte suspension 

' 1 

2 3 

4 

5 

G 

7 

Chicken 

d — b 

++ + + 

+ 

0 

0 

0 

Sheep 

++ 

++ ++ 

+ + 

0 

0 

0 


The systems in the case of the sheep cell tests contained pH 5.8 buffer, those in the chicken 
cell tests contained saline. 


tvith strains of influenza B. The test mixtures 
In the case of the sheep cell tests contained 
equal volumes (0.2 ml) serum dilution, WS 
allantoic fluid diluted 1:32 tvith pH 5.8 buffer, 
and sheep erythrocytes. The tests tvith 
chicken cells differed in that the WS allantoic 
fluid was diluted 1:32 tvith saline, and the 
chicken cell suspension was 

It is clear from the data (Table III) that 
the inhibitory effect of influenza antiserums 
on agglutination of erythrocytes by the WS 
strain was detectable tvith the sheep erythro- 
cytes as readily as tvith chicken cells. The 
inhibitory effect of the serum in tlie dilutions 
2-^ to 2 " in both instances must have been 
specific, because it was not obtained with 
influenza B virus antiserums. It is interesting 
that the non-specific effect of the serums 
(dilutions 2-" and 2-^) differed in the 2 tests. 


In the case of tests with chicken cells, (he 
serum caused inhibition of the virus hemag- 
glutination. In the sheep cell tests, however, 
the serum itself agglutinated the erythrocytes. 

Summary. The data indicate that agglutina- 
tion of sheep erj-throcytes by influenza virus 
(WS strain) is influenced by ph\-sical-chem- 
ical factors within the test systems, and 
especially by the h 3 -drogen-lon concentration. 
Over a relatively wide pH range, agglutina- 
tion of sheep cells is inhibited by substances 
present in allantoic fluid, normal and infected. 
The allantoic fluid inhibition is ineffective 
in the pH range 5.8 to 6.0. When the test 
systems are adjusted with pH 5.8 buffer, and 
y 2 ^o to cell suspensions are emplo\-ed, 
sheep erythrocytes may be used with es- 
sentially the same results as obtained with 
chicken cells, for the determination of influ- 
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lantoic fluid. Agglutination was caused by all 
dilutions of infected fluid, between pH 5.6 
and pH 6.4; but in the more alkaline pH 
range the agglutination of sheep cells by 
virus was inhibited by substances present in 
the allantoic fluid, the degree of inhibition 
decreasing with decrease in concentration of 
allantoic fluid. 

Buffer, in the absence of normal and in- 
fected allantoic fluids caused agglutination of 
the sheep cells between pH 4.6 and S.O and 
between pH 7.4 and 7.6; also, some agglut- 
ination was caused by concentrated normal 
and infected allantoic fluid at pH 7.8-S.O. 

The combined effects of agglutination by 
virus, allantoic fluid and buffer (pH) on the 
one hand, and inhibition by allantoic fluid 
on the other, would render sheep cell tests 
unreliable over a large portion of the pH range 
tested. Nevertheless, at the pH range S.8-6.0, 
sheep erythrocytes were so readily agglutin- 
ated by the virus that it seems likely that in 
a system adjusted to that pH, sheep erythro- 
cytes should be satisfactory for influenza virus 
tests. It is to be noted, however, that con- 
centration of cells is a very important factor. 
The best results are obtained with suspensions 
containing between Y^Jo and of packed 
cells; very little agglutination is obtained 
with suspensions of 2% or more. 

Table II compares sheep with chicken 
er 3 'throcytes in tests to determine the virus 
content of allantoic fluid. The test mixtures 
contained equal volumes (0.2 ml), m the one 
instance of allantoic fluid (infected or un- 
infected), saline and chicken cell sus- 

pension; and in the other instance, allantoic 
fluid, buffer pH S.8, and Y% sheep cell sus- 
pension. 

It is clear (Table II) that the hemag- 
glutinating effect of the infected allantoic 
fluid was appro.ximatel 3 ^ the same in tests 
with sheep cells as in tests with chicken cells. 

Table III summarizes the results of an ag- 
glutination-inhibition test of known influenza 
virus antiserums versus the WS strain of 
virus. The pooled serums were from ferrets 
which had been repeatedly inoculated intra- 
nasall 3 L in the one instance noth strains of the 
virus of influenza .A, and in the other instance 
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enza virus content of allantoic fluids, and 
for the demonstration of antibodies by the 
agglutination-inhibition test. The data are 


significant because of the bearing they have 
upon the mechanism of virus hemagglutina- 
tion. 


15992 P 

Widespread Distribution of Poliomyelitis in Households Attacked by 

the Disease.* 


Herbert A. IVenner and William Tanner. (Introduced by C. J. Weber.) 
From the Departmenvts of Pedialrics and Pactcriology, and the Sixon Memorial Lahoralory, 
Vniversity of Kansas Medical Center, Kansas City, Kansas. 


Among patients admitted to the University 
of Kansas Hospitals because of poliomyelitis 
in 1946 it was clear that intercurrent illness 
had occurred in additional family members. 
Several households were selected for study on 
the basis that other illnesses had occurred at 
a time when poliomyelitis attacked a member 
of the group. Each member was sampled to 
determine whether poliomyelitis virus could 
be found in the oropharyngeal e.'iudate and 
intestinal effluvia. Results obtained in a study 
of 4 households are reported here. 

Material and methods. Throat Swabs: 
Cotton pledgets on applicator sticks were 
used to sample exudate from the oropharyn.x 
of each person. Pledgets moistened with exu- 
date were stored at -70° C in sterile individual 
screw-capped bottles containing I cc of 
distilled water. In the preparation of each 
specimen and its inoculation into monkeys 
we have used methods described in earlier 
papers.^’-’^ 

Stool Specimens: The manner of collection 
of stool samples has been described.'* No more 
than 12 hours elapsed between collection of 
each specimen and storage in a dry ice chest. 

* Aided by a grant from tlie Katioaal I'ound.i- 
tion for Infantile Paralysis, Ine., Kew York City. 

I'Wenner, H. A., Pkoc. Soc. Exp, Biol, axd 
J tEti., 1945, CO, 104. 

2 Hoive, H. A., Bodian, D., and 'Wenner, H, A., 
Suit. Johns Bophins Kosp., 1945, 75, 19. 

3 Howe, H. A., and Bodian, D., Keitral Mechan- 
isms ill Poliomyelitis, Cliaptcr HI, 1942, The Com- 
monwealth Fund, New York. 


The method of preparation and inoculation 
of monkeys with each specimen has also been 
described.-'’** Each stool sample was inoculated 
into a monkey using the intraperitoneal and 
intranasal portals. 

Monkeys: Rhesus (Macaca mulatta) and 
cynomolgus (Macaca irus) monkej's were 
used. positive test in this study indicates 
that the monkey developed paralysis. In 
addition lesions consistent with those observed 
in poliomyelitis were observed in tissues from 
the spinal cord and elsewhere in the cerebral 
axis. 

Results. The results of tests for poliomye- 
litis virus in orophar 3 mgeal exudate and feces 
derived from eacli member in each of 4 house- 
holds appear in Table I. 

Twenty people living in these 4 households 
were studied. Sixteen had poliomyelitis virus 
in their intestinal discharges, and among 
these 16, 7 had virus in the oropharimx. Of 
12 children in these families, each had polio- 
myelitis virus in the stool specimen; 5 had 
virus in the oropharjmx. Considering the S 
adults in these households, 4 had polio- 
myelitis virus in respective stool samples. 
.Among these 4, virus was detected in the 
throat of 2 fathers. Poliomyelitis virus was 
not found in the remaining 4 parents. 

•* 'Wcimcr, H. A., .'incl Cnscy, A. E., J. Clin. 
/«rcs(., 1943, 22, 117. 

s Trask, J. D., Vignee, A. J., and Paul, J. B., 
Proc, Soc. E.xr. Biol, and JIeo., 1938, 38, 147. 

®Howe, H. -V., and Bodian, D., Am. J. of ITyy., 
1944, 40, 224. 
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f Tlicrc is doubt about tliu aeeiiraey of onset of! illness in tins patient. 
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Oomparative Data on Intestinal and Pharyngeal Specimens Obtained from Members of 4 Hoiise- 
holds Attacked by Poliomyelitis. 


Type of illness 

1 

No. of eases 

Mean interval in days 
between onset and sampling 

Positive tests 

Feces 

Oropliaryns 

Feces 

Oropharynx 

Paralytic 

6 

8.G 

5.3 

6/6* 

4/6 

Abortive 

1 

8.3 

8.3 

7/7 

2/7 

Indefinite 

S 

14.0 

14.0 

0/2 

0/2 

None 

5 

— 

— 

3/5 

1/4 


20 



80% 

37% 


* Numerator— positive tests, denominator — individual tests completed. 


Some facts concerning the members of 
these 4 households appear in Table II. The 
positive stool tests, aside from bringing per- 
sons who had poliomyelitis into view, confirm 
earlier studies."-® Obviousl})- it has been easy 
to detect poliomj'elitis virus in stools. It is 
somewhat harder to find it in the oropharynx. 
If the detection of poliomyelitis virus in the 
throat has been irregular the results have a 
pattern. In other words it is not difficult to 
detect poliomyelitis in the oropharynx of a 
sick patient if sampling is done during the first 
few days of illness. It is harder to obtain 
specimens at an optimal period (1 to 5 days) 
in abortive and subclinical attacks of polio- 
myelitis unless symptoms occur at the same 
time or follow onset of illness in a recognized 
case in a household. 

In reference to onset of illness (Table I) 
in members of these households it is evident 
that poliomyelitis virus had seated itself in 
individuals within a brief period (average 
3.1, range 1 to 7 days). Illness if it occurred 
in additional famil}^ members jmeceded or 
closely followed the onset of symptoms in 
the recognized case. 

7 Paul, J. E., and Trnsk, J. D., .1. A~M. 

116, 493. 

8 McClure, G. T., and Langmuir, A. D., Am. J. 
■Bug., 1912, 35, 285. 


Comment. It is quite clear that virtually 
all members in these households had polio- 
myelitis. As others®-® have, we found that 
adults as well as children had subclinical 
poliomyelitis. The detection of virus in 3 of 
4 fathers is noteworthy, particularly in view 
of finding it in only one mother. 

Our data are not extensive enough to deter- 
mine how infection entered into the group. 
If the virus was introduced into the household 
by a carrier such an individual has been lost 
among other members who were found to 
harbor virus in the throat or stool. Indeed, 
there is suggestive evidence, based on the 
history of onset of illness, that infection oc- 
curred in these households as a result of e-x- 
posure at a common source. Such an e-xposure 
must have been of short duration and taken 
place in a brief period of time. 

Siimniary. A study of 4 households attacked 
bj' poliomyelitis provided evidence of wide- 
spread distribution of virus in the members of 
these units. There were 20 members in these 
households; 16 had poliomyelitis virus in 
their intestinal discharges; 7 had virus in the 
oropharjm.x. 

Pearson, H. E., Brown, G. C., Eendtorff, E. C., 
Bidenour, G. M., and Francis, T,, Jr., Am. J. Syg., 
1945, 41, 18S. 
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Effect of Hypothyroidism and Hyperthyroidism on Mammalian Skeletal 

Muscle.* 


R. Diaz-Guerrero, J. D. Thomson, and H. M. Hines. 

State Viiiversity of Iowa, Iowa City. 


From the Department of Physiology, 

Observations on clinical hyperthyroidism 
frequently mention as part of the syndrome 
asthenia, dystrophy and fine tremors of volun- 
tary muscle. Remission of some of these symp- 
toms often follows thyroidectomy. Patholog- 
ical changes have been observed in such 
muscles.^ Creatinuria is often present,- further 
indicating the e.\‘istence of some muscular dis- 
orders. The present study reports the effect 
of hypo- and hjTierthyroidism on the weight, 
strength and fatigability of skeletal muscle 
of the albino rat. 

Methods. X total of 150 albino rats closely 
matched as to initial body weight, age and 
sex, was used in this study. One group of adult 
rats was made hypothyroid by including thi- 
ouracil in the diet" in amounts sufficient to 
lower the B.M.R. bj' appro.ximately 20% 
(2 g thiouracil per kg powdered Purina Lab- 
oratory Chow). The hj^perthyroid state was 
produced in one group by subcutaneous in- 
jection of 1.5 to 2.0 mg thyroxin twice a week, 

third group served as untreated controls. 
Treatment was carried out for an average of 
60 days before measurements were made of 
muscle weight and strength. The strength of 
the intact gastrocnemius-soleus muscles was 
determined b\- measuring the maximal iso- 
metric tension response of the muscles to 
slightly supermaximal condenser discharge 
stimuli applied to the tibial nerve with the 
animal under light ether anesthesia. The tech- 
nics that were employed for strength meas- 
urements have been described in detail else- 
where.^ 

* Aided by a gr.int from tlic National Founda- 
tion for Infantile Paralysis, Inc. 

1 Alkanozy, M., Deutsches Arch. f. Klin. McS., 

isss, 01, ns. 

-Palmer, W. SV., C.-irson, D. A., and Slo.an, 
L. \V., J. Clin. Invest., 1929, C, 597. 

“ Barker, S. B., Endocrinology, 194G, 29, 231, 


For the fatigue studies 35-day-old rats were 
divided into 3 groups. One group was given 
subcutaneous injections of thyro.xin twice a 
week in amounts of 6 mg per kg body weight. 
A second group was reared on the thiouracil 
diet and a third group served as their un- 
treated controls. Fatigue studies were made 
90 days later on these animals while they 
were under light ether anesthesia. This was 
done by optically recording the isometric 
tension response of the gastrocnemius-soleus 
group to condenser discharge stimuli at slightly 
supermaximal intensity applied at the rate of 
120 per second to the tibial nerve and induc- 
tion shocks applied directly to the muscles 
at the rate of 120 per second. The records 
were analyzed for 2 indices of fatigue. The 
tensions maintained at 5 and 10 seconds after 
the onset of stimulation were calculated as 
per cent of the earlier maximal tensions and 
the area under the first 10 seconds of the 
tension cun'e was measured planimetrically 
from optical records. 

Results. No significant difference was found 
(Table I) between the weight and strength 
of control and thiouracil treated animals. The 
thyroxin treated animals e.xhibited muscular 
weakness. This was shown by the findings of 
lower total tension, reduced tension per g 
of muscle, less tension per unit of body weight 
and a slightly lower ratio of muscle weight to 
body weight. Similar results were obtained in 
the studies on the younger group of animals 
which were under treatment for longer periods 
of time. Isometric tetanus tension elicited by 
nerve stimulation declined more rapidly in the 
hyperthyroid animals than in their controls. 
This was evidenced (Table II) by a reduction 
in the area of the tension curve and by a 

■» nines, ir. M., Tliomson, J. D., and Lazere, B,, 
Am. ,T. Physiol.. 1912, 137, 527. 
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TABLE II. 

Comparative Data on Intestinal and Pharyngeal Specimens Obtained from Members of 4 House- 
holds Attacked by Poliomyelitis. 


Mean interval in days 

betireen onset and sampling Positive tests 


Type of illness 

No. of cases 

r 

Feces 

Oropharynx 

f 

Feces 

s 

Oropliarj'nx 

Paralytic 

G 

8.6 

5.S 

0/6* 

4/6 

Abortive 

7 

8.3 

8.3 

7/7 

2/7 

Indefinite 

2 

14.0 

14.0 

0/2 

0/2 

None 

5 

— 

— 

3/3 

1/4 


20 



80% 

37% 


* Numerator — positive tests, denominator — ^individual tests completed. 


Some facts concerning the members of 
these 4 households appear in Table II. The 
positive stool tests, aside from bringing per- 
sons who had poliomyelitis into view, confirm 
earlier studies.'^'® Obviously it has been easy 
to detect poliomyelitis virus in stools. It is 
somewhat harder to find it in the oropharynx. 
If the detection of poliomyelitis virus in the 
throat has been irregular the results have a 
pattern. In other words it is not difficult to 
detect poliomyelitis in the orophar}m.x of a 
sick patient if sampling is done during the first 
few days of illness. It is harder to obtain 
specimens at an optimal period ( 1 to 5 days) 
in abortive and subclinical attacks of polio- 
myelitis unless symptoms occur at the same 
time or follow onset of illness in a recognized 
case in a household. 

In reference to onset of illness (Table I) 
in members of these households it is evident 
that poliomyelitis virus had seated itself in 
individuals within a brief period (average 
3.1, range 1 to 7 da)’^s). Illness if it occurred 
in additional family members preceded or 
closely followed the onset of symptoms in 
the recognized case. _ 

7 Paul, J. B., and Trask, J. D., J- -4. M. A., 1941, 
116, 493. 

S McClure, G. T., and Langmuir, A. D., Am. 
Syg., 1942, 35, 285. 


Comment. It is quite clear that virtually 
all members in these households had polio- 
myelitis. As others®'® have, we found that 
adults as well as children had subclinical 
poliomyelitis. The detection of virus in 3 of 
4 fathers is noteworthy, particularly in view 
of finding it in only one mother. 

Our data are not e.xtensive enough to deter- 
mine how infection entered into the group. 
If the virus was introduced into the household 
by a carrier such an individual has been lost 
among other members w'ho were found to 
harbor virus in the throat or stool. Indeed, 
there is suggestive evidence, based on the 
history of onset of illness, that infection oc- 
curred in these households as a result of ex- 
posure at a common source. Such an e.\posure 
must have been of short duration and taken 
place in a brief period of time. 

Summary. .A study of 4 households attacked 
by poliomyelitis provided evidence of wide- 
spread distribution of virus in the members of 
these units. There were 20 members in these 
households; 16 had poliomyelitis virus in 
their intestinal discharges; 7 had virus in the 
oropharynx. 

0 Pearson, H. ETEro\vii, G. C., Kendtorff, B. C., 
Ridenour, G. M., and Francis, T., Jr., An. J. SyO; 
ims, 41, ISS. 
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Effect of Hypothyroidism and Hyperthyroidism on Mammalian Skeletal 

Muscle.* 


R. Diaz-Guekrero, J. D. Thomson, and H. jM. Hines. 

From the Department of Physiology, State Vniversity of Iowa, Iowa City. 


Observations on clinical hyperthyroidism 
frequently mention as part of the syndrome 
asthenia, dystrophj' and fine tremors of volun- 
tary muscle. Remission of some of these S 3 'mp- 
toms often follows thyroidectomy. Patholog- 
ical changes have been observed in such 
muscles.^ Creatinuria is often present,- further 
indicating the existence of some muscular dis- 
orders. The present study reports the effect 
of hypo- and hj'perthyroidism on the weight, 
strength and fatigability of skeletal muscle 
of the albino rat. 

Methods. A total of ISO albino rats closeh' 
matched as to initial body weight, age and 
sex, was used in this studi'. One group of adult 
rats was made hypothyroid by including thi- 
ouracil in the diet^ in amounts sufficient to 
lower the B.M.R. bj- approximatelj' 20% 
(2 g thiouracil per kg powdered Purina Lab- 
oratory Chow). The hjperthjTOid state was 
produced in one group bi' subcutaneous in- 
jection of 1.5 to 2.0 mg thyroxin twice a week. 
.\ third group served as untreated controls. 
Treatment was carried out for an average of 
60 dav's before measurements were made of 
muscle weight and strength. The strength of 
the intact gastrocnemius-soleus muscles was 
determined b_v measuring the maximal iso- 
metric tension response of the muscles to 
slighth’ supermaximal condenser discharge 
stimuli applied to the tibial nen-e with the 
animal under light ether anesthesia. The tech- 
nics that were employed for strength meas- 
urements have been described in detail else- 
where.'* 

* Aided by a grant from tlio Katioiml Founda- 
tion for Infantile Paralysis, Inc. 

1 Alkanozy, Jt., Deutsches Arch. f. Ktin. Med., 
ISOS, Cl, IIS. 

sp.almer, VT. W., C.arson, D. A., and Slo.an, 
Ij. W., J. Clin. Invest., 1029, G, 597. 

“ Barker, S. B., Fndocrinology, 194G, 29, 234. 


For the fatigue studies 35-day-old rats were 
divided into 3 groups. One group was given 
subcutaneous injections of thyroxin twice a 
week in amounts of 6 mg per kg body weight. 
A second group was reared on the thiouracil 
diet and a third group served as their un- 
treated controls. Fatigue studies were made 
90 days later on these animals ivhile they 
were under light ether anesthesia. This ivas 
done by optically recording the isometric 
tension response of the gastrocnemius-soleus 
group to condenser discharge stimuli at slighth* 
superma.vimal intensity applied at the rate of 
120 per second to the tibial nerve and induc- 
tion shocks applied directly to the muscles 
at the rate of 120 per second. The records 
were analj-zed for 2 indices of fatigue. The 
tensions maintained at 5 and 10 seconds after 
the onset of stimulation were calculated as 
per cent of the earlier maximal tensions and 
the area under the first 10 seconds of the 
tension curv'e was measured planimetrically 
from optical records. 

Results. No significant difference w*as found 
(Table I) between the weight and strength 
of control and thiouracil treated animals. The 
thyroxin treated animals exhibited muscular 
weakness. This was shown by the findings of 
lower total tension, reduced tension per g 
of muscle. less tension per unit of body weight 
and a slightly lower ratio of muscle weight to 
body weight. Similar results were obtained in 
the studies on the I’ounger group of animals 
which were under treatment for longer periods 
of time. Isometric tetanus tension elicited by 
nerve stimulation declined more rapidly in the 
hiperthyroid animals than in their controls. 
This was evidenced (Table II) by a reduction 
in the area of the tension curve and by a 

r Hines, H. M., Thomson, J. D., and Lazere, E., 
.4 m. ,T. Physiol.. 19-12, 137, 527. 
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TABLE II. 

Comparative Data on Intestinal and Pharyngeal Specimens Obtained from Members of 4 House- 
liolds Attacked by Poliomyelitis. 


Mean interval in days 

betTveen onset and sampling Positive tests 


ibpe of illness 

Ko. of cases 

Feces 

■V 

Oropharynx 

f' 

Feces 

1 

Oropiiarynx 

Paralytic 

D 

8.6 

5.3 

6/6* 

4/6 

Abortive 

7 

8.3 

8.3 

7/7 

2/7 

Indefinite 

3 

14.0 

14.0 

0/2 

0/2 

Kone 

5 

— 

— 

3/5 

1/4 


20 



80% 

. 37% 


“ numerator — ^positive tests, denominator — individual tests completed. 


Some facts concerning the members of 
these 4 households appear in Table II. The 
positive stool tests, aside from bringing per- 
sons who had poliomyelitis into view, confirm 
earlier studies,"'^ Obviously it has been easy 
to detect poliomyelitis virus in stools. It is 
somewhat harder to find it in the oropharynx. 
If the detection of poliomyelitis virus in the 
throat has been irregular the results have a 
pattern. In other words it is not difficult to 
detect poliomyelitis in the oropharynx of a 
sick patient if sampling is done during the first 
few days of illness. It is harder to obtain 
specimens at an optimal period (1 to 5 days) 
in abortive and subclinical attacks of polio- 
myelitis unless symptoms occur at the same 
time or follow onset of illness in a recognized 
case in a household. 

In reference to onset of illness (Table I) 
in members of these households it is evident 
that poliomyelitis virus had seated itself in 
individuals within a brief period (average 
3.1, range I to 7 days). Illness if it occurred 
in additional family members preceded or 
closely followed the onset of symptoms in 
the recognized case. 

7 Paul, J. E., and Traslc, J. D., I. A- M. A., 1941, 
116, 493. 

s McClure, G. Y., and Langmuir, A. D., Am. J. 
Byg.. 1942, 33, 285. 


Comment. It is quite clear that virtually 
all members in these households had polio- 
myelitis. As others®’® have, we found that 
adults as well as children had subclinical 
poliomyelitis. The detection of virus in 3 of 
4 fathers is noteworthy, particularly in view 
of finding it in only one mother. 

Our data are not extensive enough to deter- 
mine how infection entered into the group. 
If the virus was introduced into the household 
by a carrier such an individual has been lost 
among other members who were found to 
harbor virus in the throat or stool. Indeed, 
there is suggestive evidence, based on the 
history of onset of illness, that infection oc- 
curred in these households as a result of ex- 
posure at a common source. Such an e.xposure 
must have been of short duration and taken 
place in a brief period of time. 

Summary. A study of 4 households attacked 
by poliomyelitis provided evidence of wide- 
spread distribution of virus in the members of 
these units. There were 20 members in these 
households; 16 had poliomyelitis virus in 
their intestinal discharges; 7 had virus in the 
oropharjm.x. 

a Pearson, H. E., Brown, 6. 0., Eendforff, B. C., 
Bidenour, G. M., and Francis, T., Jr., Am. J. Syg., 
1945, 41, 188. 
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in Proteus Cultures.* 

L. Dienes. 

From the Department of Pathotogy and Bacteriology, the ^fassachusetts General Sospital, and 
the P.ohcrt TT. Lovett arcnioriaZ Foundation, Sarvard ilcdical School, Boston, Mass. 


In a previous paper^ the question was raised 
as to whether certain phenomena observed in 
Proteus may be sexual, in spite of the fact 
that fusion of cells is not involved. The exper- 
iments described in this note were undertaken 
to study this question. No evidence was ob- 
tained to prove that the influence of Proteus 
strains on each other is sexual, but the ob- 
servations give further information concern- 
ing the remarkable antagonism between the 
strains. 

The spreading filaments of Proteus when 
they meet filaments of another appropriate 
strain go through a peculiar transformation. 
They develop into large, round bodies, which 
continue to enlarge and reproduce either the 
usual small bacilli or tiny pleuropneumonia- 
like colonies. The influence of the spreading 
filaments on each other is quite specific. The 
usual small bacillary forms of Proteus are 
neither influenced bj', nor e.xert any influence 
on, the filaments or small bacillary forms of 
another strain. The strains survive and retain 
their identity indefinitel}'^ in mixed cultures 
in broth. The motile filaments, so sensitive 
toward other Proteus strains, grow without 
hindrance through the various bacterial and 
mold colonies which they may encounter on 
the plates. The filaments are transformed into 
large bodies by relative!}' slight physical or 
chemical injuries: for e.xample, refrigeration 
and e.xposure to tap water. The small bacillary 
forms are not sensitive to these influences. 


* Tlie c.xpcn?cs of this investigation li.avc been 
defraycil in part by a grant from the Common- 
wealth Fund. 

This is putilieation Xo. OG of the Eobert W. 
Lovett }rcniorial Foundation for the study of 
crippling disease. 

1 Dienes, L.. Pr.oc. Soc. E.xr. Biol. .\xd Med., 
1947, 04, IGa. 


This reaction of the filaments may be ac- 
cidental. The spreading filaments det'elop 
only on a suitable medium and only have a 
short existence before they break again into 
small bacilli. It is unlikelj' that during the 
brief period of spreading the\' are exposed to 
adverse conditions which would change them 
into large bodies. Hence, the formation of 
large bodies at the contact zone of two spread- 
ing strains may be a natural function of the 
filaments. 

Although the usual mechanism of sexualit}', 
the fusion of cells, is absent in these processes, 
it seemed desirable t </ determine whether the 
essential purpose of sexuality, the crossing or 
segregation of properties, is not accomplished 
by some other unknown mechanism. To stud}' 
this question large bodies were isolated with 
a micromanipulator from the contact line of 
tw'o spreading cultures, and their descendants 
were compared with the parent strains. The 
technique used for the isolation of the large 
bodies was similar in principle to that de- 
scribed by Dickinson.t The large bodies were 
transferred to small pieces of transparent 
agar, and their development into bacterial 
colonies was observed under the microscope. 
This procedure assured that the colonies 
developing on the agar were the descendants 
of the large bodies. From single colonies of 
each culture so obtained, several strains were 
cultivated for further study. 

These strains were studied with '•espect to 
their serological properties and their antagon- 
ism toward other Proteus strains. Cultures 
from different Proteus strains planted beside 
each other on a plate do not cover the agar 
entirely, but a sharp line of demarcation re- 

1 See article of Stoughton^ 

~ System of J>actcnolo{j}/^ London, published by 
His M.^jcsty's Stationery Office, 1031, 0, 105. 
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TABLE I. 

Average Values, with Standard Errors, for Effect of TliTroxin and Thiouracil on 'Weight and 
Strength of Afusele. 



Control 


Tliyro.xin 



Thiouracil 


No. of animals 

o4 



45 



51 


Body wt before 

173 



171 



170. 


” ’’after 

Muscle* wt 

269 



240 



248 


X 100 

0.6i>0 

0.007 

0.622 


o.oor 

0.670 

± O.OOS 

Body wt 









Total muscle* strength 

3245 

±84 

2599 


149 

3098 

±90 

(g isometric tension) 









Tension per g muscle* 

1825 


1629 

-f- 

S3 

1S06 

±33 

Total muscle* tension 

11.87 

it 

0.253 

10.26 


0.268 

12.12 

± 0.162 

Body wt 










* Gastrocnemius-soleus. 


TABLE n. 

Average Values, with Standard Errors for Area Under Fatigue Curve, and Per Cent of Maximal 
Tension Remaining at 5 and 10 Seconds Through Direct and Indirect Stimulation. 


Treatment 

Area under 10 second 
fatigue curve 
muscle activated through 

Nerve stimulation 
% max. tension 

Muscle stimulation 
% max. tension 

tr 

nerve 

Cttt2 

muscle 

cm2 

5 see 
% 

10 sec 
% 

5 sec 
% 

10 sec 

Thyroxin 

50.7 ± l.SO 

82.0 ± 2.24 

27.9 ■+■ 0.97 

11,3 

78.3 

50.9 

Control 

75.4 ± 1.81 

106.1 ± 2.27 

44.6 1.15 

14.1 

75.9 

51.6 

Thiouracil 

63.3 ± 2.24 

1Q4.0 

36.4 -1- 1.54 

11.8 

76.8 

53.8 


lower per cent of tension existing after 5 
seconds of stimulation. The thiouracil treated 
animals were inferior to their controls in 
respect to the maintenance of tension in mus- 
cle during motor nerve stimulation. No sig- 
nificant differences were noted between the 
three groups for the per cent of maximal 
tension decreases after 5 seconds of direct 
muscle stimulation. However, the tension 
area for direct muscle stimulation was sig- 
nificantly lower in the thyroxin treated than 


in the control animals. 

Discussion. The evidence on the whole in- 
dicates that the hyperthyroid state is asso- 
ciated with some degree of muscular weakness 
and increased susceptibility to fatigue. The 
failure to maintain tetanus tension from nerve 
stimulation together w'ith normal response 
to direct stimulation suggests that the factor 
of 2 ieuromuscuIar transmission may be m- 
r-olved. The hypothyroid condition resulting 
from thiouracil administration was accom- 
panied by normal muscle weight and strength 
relationship e.xcept for a slightly more rapid 


decline in the tetanus tension elicited by 
motor nerve stimulation. It is to be pointed 
out that these studies deal only with the 
capacity of the muscles to develop and main- 
tain tension in response to nen'e stimulation 
and are not concerned with the stimulus pat- 
tern that is utilized in the natural activation 
of the muscles in relle.v and voluntary activity. 
The asthenia that might result from sub- 
normal activation would not be apparent in 
this t 3 'pe of study. 

Summary. Albino rats were made hypo- 
thyroid by treatment with thiouracil and 
hyperthyroid b}' administration of thyroxin. 
After 60 days of treatment, gastrocnemius- 
soleus muscles of tbro.vin treated animals 
showed weakness and increased susceptibility 
to fatigue through motor ner^'e stimulation. 
Thiouracil treatment for a like period of time 
resulted in no loss of muscle weight or 
strength, but did produce a slight increase 
in susceptibilit.v to fatigue b^- indirect stim- 
ulation. 
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Inhibition of Mumps Virus Multiplication by a Polysaccharide. 
Harold S. Ginsberg, Walther F. Goebel, and Frank L. Horsfall, Jr. 

From the Rospital and the Laboratories of The Jioc7:cfeUer Institute for Medical Sescarcli. 


Recently it was reported^ that polysac- 
charides derived from various sources inhibit 
the multiplication of pneumonia virus of 
mice (PVAI) in the mouse lung. The capsular 
polysaccharide of tj’pe B Friedlander bacillus 
proved to be the most effective of the prepara- 
tions studied. 0.\-idation of the carbohydrate 
with periodic acid did not diminish its virus 
inhibiting activity, but the aldobionic acid 
derived by acid hydrolysis was without activ- 
ity. 

The effect of the Friedlander polysaccharide 
on the multiplication of viruses other than 
PVM has now been more e.vtensively studied 
in the chick embryo. It has been found that 
the carbohydrate inhibits multiplication of 
mumps virus in the embryo, but .does not 
inhibit multiplication of influenza A, influenza 
B or Newcastle disease viruses, Moreover, 
the polj'saccharide inhibits hemagglutination 
of chicken erythrocytes by mumps virus, and 
prevents adsorption of the virus to such cells. 

Methods. The Friedlander polysaccharide 
(Fr.B,) used in these studies was prepared 
and purified as described previouslv.--® The 
viruses employed were: influenza A, PRS 
strain; influenza B, Lee strain: mumps; 
Newcastle disease. They were maintained by 
passage in the allantoic sac of chick embr 3 ms. 
.Allantoic fluid was used as a source of virus 
for infectivlty and hemagglutination e.xperi- 
ments. 

Experimental. .As a routine, 10% chicken 
erythrocyte suspensions were treated with 
5 mg per cc of polysaccharide for 3 hours at 
room temperature. Chicken erythrocytes ad- 
sorb the polysaccharide, and it is not removed 

1 Horsfall, F. L., .Tr., .anil McCartv, XI., .T. Exp. 
Mai. 1947, 85, C23. 

■- Heidelbcrgcr, XL, Goebel, W. F., .and Avery, 
O. T., .r. Exp. Med., 1925, 42, 701. 

Goebel, W. F., and .\vcrj-, O, T,, J. Exp. Med., 
1927, 4«. (101. 



Comparison of the capacity of influenza B rirus 
(IBV) and mumps rirus (XIV) to be adsorbed by 
and to be eluted from chicken red blood cells 
treated irith Friedlander polysaccharide (Fr.B.). 

by repeated washing. Such treated red blood 
cells are neither agglutinated by mumps virus 
nor are they capable of adsorbing the virus 
as is shown in Fig. 1. Treated cells are partial- 
ly or completely inagglutinable by influenza 
A, influenza B and Newcastle disease viruses. 
However, these viruses are adsorbed bj"^ and 
eluted from treated erythrocytes just as they 
are with untreated red blood cells. The results 
of a representative e-v-periment with influenza 
B virus are shown in Fig. 1. The polj-sac- 
charide has no demonstrable direct effect in 
vitro on any of the above viruses, including 
mumps. 

When 0.5 to 1.0 mg of polj’saccharide is 
injected into the allantoic sac of the chick 
embrj'o, a marked inhibition of the multiplica- 
tion of mumps virus occurs even if the infect- 
ing dose is as great as 10' embiyo infectious 
do^ as is shown in Table I. Definite inhi- 
bition is obtained with as little as 50 of 
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Large Bodies in Proteus Cultures 


mains between the areas covered by different 
strains. Descendants of a single strain do 
not show this* phenomenon. Appro.ximately 
70 strains isolated from different sources were 
examined in this respect. All combinations of 
these strains which were tried were antago- 
nistic to each other. This antagonism between 
the strains offered a simple method to deter- 
mine -whether all descendants of a large body 
are similar and correspond to one or the other 
of the original strains. If the cultures are 
thinly planted and begin to grow in isolated 
colonies, even a single colony with strain 
specificity different from the others is clearly 
apparent in the plates. 

Fifty-six large bodies were isolated from 
different combinations of 5 strains. Thirt}'- 
four of these developed into bacterial colonies 
and 18 did not grow. Their descendants were 
always similar to one of the original strains 
both in strain antagonism and serological 
properties. Neither segregation of properties 
nor crossing over from one strain to another 
was observed. However, it is of interest that 
with a single exception, in the combination 
of two strains, only large bodies belonging 
to one strain grew into bacillary colonies. 
.For example, 34 large bodies were isolated 
from the combination of strain No. 3 with 
other Proteus strains. Fourteen large bodies 
did not grow. The 20 which did develop never 
reproduced strain No. 3 but always the other 
strain. Large bodies produced in strain No. 3 
by refrigeration are fully viable. Twelve large 
bodies were isolated from the mixture of 
strains Sm and No. 14, both of which dom- 
inated over strain No. 3. Six large bodies were 
viable all of which corresponded to strain 


No. 14. In a combination of strains No. 14 
and No. S2, 6 large bodies were isolated; 3 
of these developed colonies corresponding to 
strain No. 52, one to strain No. 14 and 2 did 
not grow out. Strain No. 14 dominated over 
strain No. 3 and strain Sm, and was apparent- 
ly equal to or weaker than strain No. 52. 

The dominance of one strain over the other 
is not genetic, but it is probably the result of 
the strain antagonism already discussed. When 
the strains come in contact, both respond by 
transformation into large bodies, but apparent- 
ly only the large bodies of one strain survive. 
The numerical relationship observed between 
the viable and non-viable large bodies may be 
influenced by the fact that large bodies are 
not produced in equal numbers by the differ- 
ent strains. Also, some are destroyed by the 
manipulation necessary for their isolation. 

The observations in their present status 
give no information as to the function of the 
large bodies or the reproductive processes 
connected with them in Proteus. It is possible 
that their real significance is in connection 
with pleuropneumonia-like colonies and not 
with the direct reproduction of bacilli. The 
antagonism which appears in certain phases 
of growth between Proteus strains has thus 
far not been observed in other species. 

Summary. Single large bodies were isolated 
from the contact line of 2 spreading Proteus 
strains. Their descendants were similar to 
one of the strains with respect to the prop- 
erties studied, and crossing or segregation of 
properties was not observed. With a single 
e.xception, only one strain was recovered from 
the large bodies formed at the contact of 2 
strains. 
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An Improved Benzene Extracted Complement Fixing Antigen for Certain 

Neurotropic Viruses.*" 

Carlos EspanaI and W. McD. Haaimon. 

From the George WilJiams Sooper Founelation for Medical Feseareh, TJniversity of California, 

San Francisco, Calif. 


DeBoer and Cox^’- have recentl}' described 
benzene-extracted mouse-brain and chick em- 
bryo complement fixing antigens for the diag- 
nosis of neurotropic virus infections. The ad- 
vantage claimed is that these antigens do 
not react with syphilitic sera that have been 
inactivated at only 60°C. We have now pre- 
pared antigens according to this new technic 
for Western and Eastern equine, St. Louis, 
Japanese B and Hammon-Reeves California 
viruses. Procedures were repeated several 
times for most viruses until several lots had 
been prepared. However, although the anti- 
gens completely fulfilled the criteria claimed 
by the authors, and represent an important 
advance, their sensitivity was slightly less 
than that of those we were accustomed to us- 
ing (prepared by either the technic of Casals® 
or by a modification of that of Havens ct al.,* 
centrifuging 10 per cent mouse-brain at 16,- 
000 r.p.m.). Furthermore, the preparation 
described was prolonged (requiring about 4 
days), and in our opinion unnecessarily 
dangerous (transferring and pulverizing 
powdered antigen from filter paper). We 
therefore undertook several experimental 
modifications of this technic. .A more complete 

* This investigation was carried out in collabora- 
tion witli tlic Commission on Virus and IJickcttsial 
Diseases, Army Epidemiological Board, Office of 
tlic Surgeon General, TJ. S. Army, and aided by a 
grant from the National Foundation for Infantile 
Paralysis, Inc. 

t Recipient of a predoctoral fcllowsliip from tlic 
National Foundation for Infantile Paralysis, Inc. 

1 DeBoer, C. J., and Cox, 11. R., J. Fact., 1940, 
ol, 013. 

e lin'd., ,T. Immunol.. 1047, 5o, 103. 

" Casals, ,T., J. Ejrp. .Ifcd., 1944, 70, 341. 

•4 Havens, W, P., .Tr., tVatson, D, tV., Green, 
R. II., H'lvin, G. I,, and Smadel, J. E., J. Exp. Med., 
1043, 77, 130. 


paper with extensive protocols is being pub- 
lished separately. 

Preparation oj Antigens. Mice are inoculated 
intracerebrallj’’ with a 10‘® or ICH dilution of 
virus. The mice, when moribund, are an- 
aesthetized, bled to death and the brains 
removed. The brains are then ground in a 
Waring blendor in pyrogen-free, fractionally 
distilled water to make a 20% suspension. 
After storage for 3 to 4 hours at S°C, 25 ml 
amounts are rapidly shell frozen in 250 ml 
Pyrex bottles and then lyophilized. The dried 
tissue is then extracted with benzene for 1 
hour at room temperature by adding a volume 
of benzene equivalent to tndee the original 
aqueous suspension. The benzene is rapidly 
removed by filtration through a Gooch cru- 
cible filter under high vacuum. Two further 
benzene extractions are performed in the 
same filter, allowing 30 minutes at room temp- 
erature each time before appl 3 'ing vacuum. 
The extracted tissue is then transferred under 
a hood bj’’ inverting the Gooch filter over a 
wide mouth stemless funnel placed in the 
neck of a 250 ml Pyrex bottle and then tap- 
ping the crucible filter gentlj"^ till the dried 
powder falls free. The remaining solvent is 
removed by applying negative pressure to the 
bottle. Saline is next added in the amount of 
the original volume and reh\-dratlon per- 
mitted to occur overnight at 5°C, then after 
centrifugation for 30 minutes at 10,000 r.p.m. 
the supernatant is removed and IMerthiolate 
is added to a final dilution of 1:10,000. The 
antigen is read\' for immediate use, but for 
prolonged storage or shipment it is again 
h'ophilized. The antigen is complete within 
36 hours after killing the mice. 

Characteristics oj the .Antigen. .-Ml tests 
have been made using essentially the technic 
described b\’ Casals.® The liquid antigen, 
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Polysaccharide Inhibition of Mumps Virus 


TABLE I. 

Effect of Friedliinder Polysaeeliaride on the Mnltiplieatiau of r^ilumps Virus in the Ciiiek Embryo. 


1st injection 
iiitra-allantoie 

0.1 cc 

Time between 
inj. 
brs 

2nd inj. 
intra-aJlajitoie 

0.1 ce 

Mean liemagglutinatiou 
titer} of allantoic 
fluids of embryos 

Inj. TOtb 

Pr.B. Controls 

polys.ae- 5aj. with 
cliaride saline 

Pr. B. pob’saccharide* 

3 

Mumps virus 101 E.LD.t 

4 

175 


3 

102 

1 

264 : 


3 

103 

3 

128 


3 

10* 

4 

245 

Mumps virus 102 E.I.D. 

3 

Pr.B. iiolysaccliaridc 

5 

154 


24 


o 

154 


48 


11 

129 


72 


240 

— 


96 


72 

570 


120 


384 

— 


* 1.0 mg per chick embiyo. 
t B.I.D. chick embryo infectious doses. 

^ Mean of the reciprocals of tlie henmggJutination titers. 


polysaccharide per embryo. In these experi- 
ments the concentration of virus in allantoic 
fluids was measured by the hemagglutination 
technique'* 6 days following inoculation of 
the virus. As indicated in Table I polysac- 
charide may be injected 3 hours before, or as 
long as 48 hours after inoculation of mumps 
virus and still cause inhibition of multiplica- 
tion of the virus. Multiplication of the virus 
in the allantoic sac is also inhibited when 5 
mg of Fr. B. is injected into the embryonic 
yolk sac either 3 hours before or 3 hours 
after the inoculation of virus. 

Comment, The role which the capsular 
polysaccharide of type B Friedlander bacillus 
plays in the inhibition of virus multiplication 

■i Levens, J. H., and Endcrs, J. E., Science, 1945, 
102, 117. 


is not yet understood. Nor is it yet possible 
to correlate the activity of this and other 
carbohydrates with similarities in chemical 
constitution. It is possible, however, that 
knowledge of the biochemical mechanism in- 
volved in this phenomenon may lead to an 
understanding of the intracellular systems 
concerned in the multiplication of viruses. 
The fact remains that a substance belonging 
to a well-defined class of chemical compounds 
has been found which exerts specific inhibition 
on the multiplication of certain viruses in 
the living host. 

Smmnary. The capsular polysaccharide of 
tjge B. Friedlander bacillus inhibits the 
multiplication of mumps virus in the chick 
embryo and prevents adsorption of the virus 
by treated erythrocytes. 
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An Improved Benzene Extracted Complement Fixing Antigen for Certain 

Neurotropic Viruses.* 

Carlos EspanaI and W. jMcD. Hamaion. 

From the George WilUams Hooper Foitndalion for Medical Scsearclt, University of California, 

San Francisco, Calif. 


DeBoer and Cox'-- have recently described 
benzene-extracted mouse-brain and chick em- 
bryo complement fixing antigens for the diag- 
nosis of neurotropic virus infections. The ad- 
vantage claimed is that these antigens do 
not react with syphilitic sera that have been 
inactivated at only 60°C. We have now pre- 
pared antigens according to this new technic 
for Western and Eastern equine, St. Louis, 
Japanese B and Hammon-Reeves California 
viruses. Procedures were repeated several 
times for most viruses until several lots had 
been prepared. However, although the anti- 
gens completely fulfilled the criteria claimed 
by the authors, and represent an important 
advance, their sensitivity was slightly less 
than that of those we were accustomed to us- 
ing (prepared by either the technic of Casals* 
or by a modification of that of Havens ct al.,* 
centrifuging 10 per cent mouse-brain at 16,- 
000 r.p.m.). Furthermore, the preparation 
described was prolonged (requiring about 4 
days), and in our opinion unnecessarily 
dangerous (transferring and pulverizing 
powdered antigen from filter paper). We 
therefore undertook several e.xperimental 
modifications of this technic. more complete 

* This invcstig.ition was carried out in coll.abora- 
tion with the Commi.ssioii on Virus and Rickettsial 
Diseases, Army Epidemiological Board, Office of 
the Surgeon General, TJ. S. Army, and aided by .a 
grant from the National Foundation for Infantile 
P.'iralysis, Inc. 

f Recipient of a prcdoctoral fellowship from the 
National Foundation for Infantile Paralysis, Inc. 

1 DeBoer, C. .1., and Co.x, II. R., J. Fact., 194G, 
.■>1, G13. 

-Ibid., J. Immunol.. 1047. .jo, 10.3. 

^ Casals, J., ,T. Fxp. Med., 1044, 70, 341. 

■< Havens, W. P., .Tr.. Watson. D. W.. Green, 
R. 11.. Hivin, G. I., and Smadel, J. E., J. Exp. Med., 
1043, 77, 130. 


paper with extensive protocols is being pub- 
lished separately. 

Preparation oj Antigens. Mice are inoculated 
intracerebrally with a 10“* or 1(T* dilution of 
virus. The mice, when moribund, are an- 
aesthetized, bled to death and the brains 
removed. The brains are then ground in a 
Waring blendor in pyrogen-free, fractionally 
distilled water to make a 20% suspension. 
After storage for 3 to 4 hours at 5°C, 25 ml 
amounts are rapidly shell frozen in 250 ml 
Pyrex bottles and then lyophilized. The dried 
tissue is then extracted with benzene for 1 
hour at room temperature by adding a volume 
of benzene equivalent to twice the original 
aqueous suspension. The benzene is rapidly 
removed by filtration through a Gooch cru- 
cible filter under high vacuum. Two further 
benzene extractions are performed in the 
same filter, allowing 30 minutes at room temp- 
erature each time before applying vacuum. 
The extracted tissue is then transferred under 
a hood bj" inverting the Gooch filter over a 
wide mouth stemless funnel placed in the 
neck of a 250 ml Pyrex bottle and then tap- 
ping the crucible filter gently till the dried 
powder falls free. The remaining solvent is 
removed by applying negative pressure to the 
bottle. Saline is next added in the amount of 
the original volume and rehydration per- 
mitted to occur overnight at 5°C, then after 
centrifugation for 30 minutes at 10,000 r.p.m. 
the supernatant is removed and ^lerthiolate 
is added to a final dilution of 1:10,000. The 
antigen is ready for immediate use, but for 
prolonged storage or shipment it is again 
lyophilized. The antigen is complete within 
36 hours after killing the mice. 

Characteristics oj the Antigen. All tests 
have been made using essentially the technic 
described by Casals.* The liquid antigen,' 
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prior to the final lyophilization has remained 
unchanged in all its characteristics when 
stored at 5°C for at least 6 months. The final, 
dry product goes into complete solution rapid- 
ly and requires no centrifugation before use. 
Its titer is the same as before lyophilization, 
and if any particular lot of antigen has a low 
titer, by adding only half the original vol- 
ume of water to the powder the titer can be 
doubled. The reconstituted antigens have been 
tested after 3 months storage in the liquid 
state and have shown no decrease in titer or 
tendency to become anticomplemenfary. 

These antigens when first prepared have 
infective titers of 10^ or 10“*. After a few 
weeks in the liquid state at S°C they become 
practically nonvirulent. 

No human serum, syphilitic or otherwise, 
among approximately 500 that we have tested 
has given a non-specific response after in- 
activation for 20 minutes at 60° C. 

These antigens should be diluted further 
for routine use, for when concentrated, rela- 
tively low serum titers are obtained. The 
optimal dilution is determined by performing 
a combined, serial, two-fold immune guinea 
pig serum, and two-fold antigen titration. 
The highest dilution of antigen giving the 
highest serum titer is selected for use. This 
is usually a dilution of 1:4 to 1:16 of the 
antigen (1. 25 to 5% brain) and represents 
about 8 to 16 antigen units. With guinea 
pig immune sera, antigens titer (in serial 
2-fold antigen dilutions) from 1:64 or 1:128 
(Western equine and California virus) to 


1:256 or 1:512 (Japanese B, St. Louis and 
Eastern equine). At the optimal dilutions no 
overlapping can be demonstrated between any 
of our antigens and any heterologous hyper- 
immune sera, not even between Japanese B 
and St. Louis, although when an e.xcess of 
antigen is used such overlapping is observed. 

Human convalescent sera for Western 
equine infections have titered as high as 1:64 
(original serum dilution) and for St. Louis 
and Japanese B (sera collected bj'^ W. IM. H, 
from 1945 Okinawa epidemic) up to 1:512. 
Human convalescent sera give higher titers 
with these antigens than with any others we 
have ever prepared and there has been greater 
uniformity of titer between repeated prepara- 
tions with the same virus. Moreover, these 
are the only antigens that have not given us 
occasional non-specific reactions with sera 
from febrile patients with other infections. 

These antigens all show a tendency to pro- 
tect complement during overnight incubation 
at 5°C and thus avoid certain difficulties 
shown by some other antigens when used with 
sera that are very slightly anticomplementar}', 
though not detectably so in the anticoniple- 
mentary control. 

Summary. A time saving and safer proce- 
dure for preparing benzene e.xtracted brain 
antigens is described. The resultant antigen 
is more sensitive and more specific than others 
previously tested by us. In its final form it is a 
stable, lyophilized product that can be easily 
shipped and can be used without centrifuga- 
tion .after rehydration. 
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Excretion of Poliomyelitis Virus.* 

Harold K. Faber, Rosalie J. Silverberg, and Luther Dong. 

From the Department of Pediatrics, Stanford University School of Medicine, San Francisco, 

California. 


During the early stages of human polio- 
myelitis virus appears in the pharyngeal 
secretions and in the stools.^’--®’'* The experi- 
ments of Melnick® suggest that this phenom- 
enon is excretory, since it occurs in the stools 
after parenteral inoculation, but little is 
known of the mechanism or pathways of 
e.xcretion. The present study is part of an 
exploration into the mode of virus excretion. 

Following an hypothesis proposed in 
another paper® and using monkeys, we have 
applied 20% virus (our Cam strain, 2nd-7th 
passages) for 10 minutes to the central end 
of the divided infraorbital branch of the right 
trigeminal nerve in the cheek (“nerve dip”), 
sedulously avoiding virus contamination of 
the skin and mucous membranes. Preliminary 
tests with rhesus {M. mulatla) showed that 
on the third day heavy lesions were usually 
present in the homolateral but not the contra- 
lateral semilunar (Gasserian) ganglion, while 
no more than minimal lesions were found, 
and then only occasionally, in the central 
components of the trigeminal system in the 
pons and medulla. At the same period, virus 
was detected in the homolateral but not in 
the contralateral ganglion. Virus was also 
found in pooled nasopharyngeal washings 
collected from the 2nd to the 5th day, inclus- 
ive. 

* .Aided lay a grant from the National Founda- 
tion for Infantile Paralysis, Inc. 

1 Taylor, E., and Amoss, II. L., J. Exp, Med., 
ini7, 20, 745. 

- Paul, .1. P., Salinger, E., and Trash, J. E., 
.7. .1. M. .1., 1932, 08, 2262. 

Howe, II. A., Bodian, D., and AVenner, H. A., 
Dull. .Johns Ilopl-ins Hasp., 1945, 70, 19. 

•1 Horstmann, D. At., Jtclnich, J, L., and AVenner, 
11. .V., .7. Clin. Invest., 1940, STt, 270. 

r> Mt'Iniok, .1. L,, ,7. Immunol., 1940, 53, 277. 

('■Fahcr, II, K., and Silverberg, E. J., J. Exp. 
Med., 1946, 83, .329. 


With these preliminary data at hand, 4 
cynomolgus monkeys {M. irus) of Philippine 
origin were similarly treated and materials 
collected and pooled serially on the second, 
third and fourth days after e.xposure, the 
animals being sacrificed on the fourth day. 
Nasopharyngeal washings were obtained by 
washing 0.85% NaCl solution through one 
nostril ivith a catheter and collecting the re- 
turning fluid from the other. This material 
as well as the stools and intestinal contents 
was concentrated by the technique described 
by one of us (R.J.S.)'^ and subinoculated 
intrathalamically into rhesus monkeys. The 
results are shown in Table I. 

Discussion. In a previous paper® we have 
suggested on anatomical grounds the hypoth- 
esis that when poliomyelitis virus, which 
is known to be axonally conducted, has pene- 
trated a body surface, entered the telodendria 
of a peripheral afferent neuron and ascended 
to the corresponding peripheral ganglia where 
it can multiply and infect adjoining neurons, 
it would then be in a position to spread not 
only centripetally to the CNS but also 
centrifugally back to the surfaces supplied 
by the same nerve system. This possibility 
arises because the peripheral neurons of most 
afferent nerves have T-shaped axons, one 
branch of which ascends to the CNS and the 
other is directed to the periphery. In the case 
of the trigeminal ner\’e, which was investi- 
gated in the present e.xperiments, virus would 
thus be brought back by centrifugal spread 
to the terminal arborizations in the naso- 
oropharyngeal mucosa, which are stated to 
end free on the surface,® whence it might be 

r Silverljcrg, E. .1., Scfoice, 1945, 102, 3S0. 

s Scliacffer. .1. F., The Xose, Paranasal Sinuses, 
Xa.solnrrimal Pas.macirays, and Olfactory Oryan in 
Man. F. Blakiston’s Sons and Co., FhUadclpliia, 
J920, p. 2S5. 
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TABLE I. 

Distribution of Poliomrelitis Virus After Eiglit Infraorbital Nerve Dip. Four Cynomoisns 


Days after 
inoculation 

Nasopharyngeal 

washings 

Stools 

Semilunar ganglia 

■Washed 

pharyngeat 

wall 

Bight 

Left 

2 

0 

0 

- - 




3 

-h* 

0 





— 

4 

+ 

+ 


0 

0 


■ — ■ Not tested. 

+ Clinically positive; cord sections positive. 

0 Cord sections negative; symptoms absent or very questionable. 


excreted and detected in the overlying mucus. 

Our experiments tentatively confirm the 
hypothesis in the following respects: (1) 
ascent by centripetal spread to the Gasserian 
ganglion; (2) limitation of infection to the 
nerve system in question during the first 3 
days; (3) excretion of virus in the appropriate 
area on the third day. Avoidance of primary 
e.\posure of the mucosa to virus rules out 
implantation of virus on the mucosal surface. 
Excretion by the lymphatics is highly im- 
probable, since lymph flow is away from rather 
than toward the surface.^ 

The very early appearance of virus on the 
nasopharyngeal mucosae is noteworthy and 
interesting in reference to similar findings in 
the human disease, as is the fact that it 

S Volley, J. M., and Drinker, C. K., J. Exp. Med., 
1938, 68, 629. 


appeared a day later in the stools than in 
the nasopharymgeal washings, which might 
be explained on the basis of swallowing. 

This work is to be repeated and e.\-panded. 

Stnmiary. Poliomyelitis virus when applied 
to the central end of a divided branch of 
the trigeminal nerve in the cheek travels 
centripetally to the corresponding semilunar 
ganglion within three days. Centrifugal 
spread to the nasopharyngeal surfaces, 
which are supplied by the trigeminal nerve, 
was demonstrated by detection of virus in 
the nasopharyngeal washings on the third and 
fourth dai's. Virus was also found in the 
stools on the fourth but not on the third day, 
suggesting that it had been swallowed. It is 
suspected that excretion, like invasion, of 
poliomyelitis virus occurs through axonal 
channels. 
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Prolonged Survival of Adrenalectomized-Nephrectomized Rats on a Low 

Potassium Diet.* 


Philip K. Bondy and Frank L. ENCEL.t 
From the Department of Medicine, Emory University School of Medicine, and the Medical 
Service, Grady Hospital, Atlanta, Ga. 


.Adrenalectomized animals are extraordinar- 
ily sensitive to all types of stress, including 

* Aided by grants froni the Committee on Ee~ 
search in Endocrinology, National Ecscarch Coun- 
cil, and the University Center Eesearch Conunittce 

of Georgia. . 

t Present address: Dejuirtment of Ncd.cine, 

Duke Universitj-. Durham, N.C. 


the metabolic derangements following ne- 
phrectomy. During the course of investiga- 
tions on the relation of the adrenal cortex 
to urea synthesis, considerable difficulty was 
met in maintaining iife in adrenalectomized- 
nephrectomized animals long enough for 
satisfactory study. The limited survival was 
not influenced by the use of liberal amounts 
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•of desoxycorticosterone acetate and saline for 
as long as seven days preoperatively. Durlacb- 
er and Darrow’ have already shown that the 
survival of nephrectomized but othenvise 
normal rats may be significantly prolonged 
by preoperative potassium depletion by a low 
potassium diet. Since the adrenalectomized 
rat is particularly sensitive to potassium ac- 
cumulation, such as occurs after nephrectomy, 
the effects of a low potassium diet on the 
survival of adrenalectomized-nephrectomized 
rats were investigated. It was found that not 
only was the survival time prolonged over 
that of adrenalectomized-nephrectomized rats 
on the chow diet, buf it was -also significantly 
extended beyond that of nephrectomized, but 
otherwise normal rats also on a low potassium 
diet. 

Methods. Male rats of the Sprague-Dawley 
strain, weighing 170-200 g, were fed Rock- 
land rat chow until the beginning of the 
experiment. For 3 days before operation the 
animals received the following diet; Casein 
(Technical), 180; sucrose, 570; peanut oil, 
220; cod liver oil, 10; brewers’ yeast, 20: 
bone ash, 20; sodium chloride, 5. This diet 
contains 1.4 mEq of potassium per 100 g,« 
as compared to 24.6 mEq per 100 g of Rock- 
land rat chow. The animals were allowed 
free choice of water and 1% saline in their 
drinking fountains throughout the e.xperiment. 
On the evening of the third day, all food was 
removed, and the animals were anesthetized 
by the inlraperitoneal injection of 3 mg nem- 
butal per 100 g of body weight. After opera- 
tion, the animals were bled 2 to 3 times daily 
from the tail. 0.3 ml of blood being removed 
and used for the determination of urea 
nitrogen by the xanthydrol method of Engel 
and Engel." Total urea synthesis, e.xpressed 
as milligrams of nitrogen per 100 g body 
weight per hour was calculated from the rise 
of blood urea nitrogen, assuming the urea 
to be equally distributed throughout the body 

1 Durl.-iclii'r, S. II„ mid Dnrrow, D. C.. Atn. J. 
Phtisiol, 1942 , 130 , 577 . 

; The )>otn??inni annlvsis was performed by tlic 
Deparlnipnt of Riociicmistry, Emory Einversify. 

- Engel. M. G., and Engel, F. L., .7. Jlinl. Chem., 
1947 . 107 , 53 .".. 


water, i.e. 75% of the body weight. Survival 
times were judged to be the last time the 
rats were known to be alive. Thus rats dying 
during the night were considered to have a 
shorter survival time than was actually the 
case. This error equally affected both adrenal- 
ectomized and control animals. The largest 
error introduced in this assumption ivas not 
more than 6 hours. Urea levels at the time 
of death ivere calculated by assuming no 
change in the rate of urea formation from 
the time of the last determination to the time 
of death. In several instances where samples 
ivere obtained ivithin an hour or less of the 
time of death, this assumption was found to be 
valid. 

Nephrectomies and adrenalectomies were 
performed simultaneouslj' through bilateral 
subcostal incisions. In several animals, the 
adrenal area was examined histologically after 
death and the absence of adrenal rests demon- 
strated. 

Results. Table I compares the survival time 
of nephrectomized-adrenalectomized rats on 
the chow diet and previously treated with 
5 mg of desoxycorticosterone acetate for 3 
days with those on the low potassium diet, 
and with nephrectomized rats with intact 
adrenals on the low potassium diet. It is ap- 
parent that preparation with the special diet 
prolonged the life of the adrenalectomized- 
nephrectomized rats to a significant degree 
(p<0.01).^ There was also a significant in- 
crease in the suix-ival time of adrenalectomized 
rats as compared to those which had merely 
been nephrectomized (p<0.02). When Up- 
john’s aqueous adrenal cortical extract!! was 
administered to the adrenalectomized rats at 
a dose level of 1 ml twice dail3f through the 
course of the e.xperiment, the surxdval time 
was intermediate between the control and the 
adrenalectomized group, but -o'as not sig- 
nificantlx' different from either group 
{p>0.05). 

f Fisolicr’s tables of p ivere used in determina- 
tion of statistical significance. A value of p equal 
to or less tlian .02 is considered significant. 

■■ We are indebted to Dr. D. J. Ingle of Ibc 
Upjohn Co. for generous .sujiplics of aqueous 
adrenal cortical extract. > 
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TABLE I. 

Survival Times and Terminal Blood Brea Nitrogen LereL After Nephrectomy. 



No. of rats 

Survival 
time, hr 

Terminal 
blood urea 
nitrogen, 
mg/ 100 ml 

Adieiialectomized-neplirectomized, pliow diet* 

3 

13.5 -i- 2.3 1 


Adiejiatectoiuized-neplirectomized, low potassium diet 

7 

98.4 ■+■ 5.2 

240 -+- 5.1f 

Nephrectomized, low potassium diet 
Adrenaleetomized-neplireetomized, low potassium diet. 

7 

77.1 ± 5.5 

329 ± 35.92 

adrenal cortical extract 

7 

SO.l ± 3.4 

2C4 ± 17.4 


* Treated with 5 rag desoxycorticosterone acetal e for 3 days prior to nephrectomy, 
t Standard error of the mean. 


The relation of the survival time to the 
degree of uremia is also shown in Table I 
which records the blood urea nitrogen con- 
centration of the rats at the time of death. 
It was found that the final urea concentration 
of the adrenalectomized animals was lower 
than that of the non-adrenalectomized group, 
even though the survival time of the adrenal- 
ectomized group was longer. Once again, the 
adrenalectomized group treated with adrenal 
cortical extract fell into an intermediate po- 
sition. The difference between the adrenalec- 
tomized and control animals was significant 
(p<0.01); those between the group given 
adrenal cortical extract and the other two 
were not (p>0.10). 

When the rate of urea synthesis in the 
nephrectomized rats was compared with that 
of the nephrectomized-adrenalectomized rats, 
as shown in Fig. 1, no difference was found 
initially, but as the experiment progressed 
increasing and significant differences were 
found. There was a significant rise in the 
rate of urea formation in animals with intact 
adrenals, but the apparent fall in the adrenal- 
ectomized animals’ rate was not significant. 

Discussion. By depleting rats of potassium, 
it has been possible to maintain life long 
enough to study their rate of urea formation 
after adrenalectomy and nephrectomy. Two 
methods of potassium, depletion are available; 
the use of the low-potassium diet, and the 
administration of 2 mg of desoxycorticosterone 
acetate per day for periods of 3 weeks.* 
We have elected to use the special diet te- 
cause it is more convenient and less e.xpensive 
than is desoxycorticosterone. It is probable 
that the high mortality noted in the group of 


rats on the chow diet was a result of an in- 
adequate preoperative preparation with desox- 
ycorticosterone, since at this dose level the 
period of preparation was too short to effect 
potassium depletion. 

The 3-day preparatory period we have 
used probably does not achieve a maximal 
protective effect, since Durlacher and Dar- 
row’s rats* prepared with a similar diet for 
21 days survived an average of 112 hours 
as compared to 77 hours for nephrectomized 
rats with intact adrenals in our series. 

Selye and Nielsen® have reported increased 
survival time in rats pretreated with 10 mg 
of desoxycorticosterone acetate for only 3 
days before nephrectomy. In their series, 
however, the increased sundval time may have 
been due to the functional adrenalectomy pro- 
duced by such large doses of desoxycorti- 
costerone. The rate of urea formation of the 
pretreated animals was lower than that of 
the controls, suggesting a general depression 
of adrenal cortical function in this experi- 
ment. 

It is of interest that, after potassium de- 
pletion, adrenalectomized rats survive ne- 
phrectomy for longer periods than do rats 
with intact adrenals. This is the only instance 
of which we are aware in which the adrena- 
lectomized animal is more resistant to a 
stress, i.e. nephrectomy and fasting, than is 
the animat with intact adrenals. It should 
be emphasized, however, that the adrena- 
lectomized potassium-depleted rat is not 
more resistant to uremia, since the blood urea 
nitrogen level at the time of death was lower 

3Selj-e, H., and Nielsen, K., Pboo. Soc. Exp. 
Bioi/. AND Med., 1941, 40, 541. 
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Fig. 1 

Tile rate of urea nitrogen formation per 100 g boclr weiglit per hour after 
nephrectomy in the control (solid line) and adrenalectomized (dashed line) 
rats maintained on a low potassium diet for 3 days before nephrectomy. 
The numbers in parentheses refer to the number of observations at each point. 
The vertical bars represent the standard error of the mean of each point and 
the numbers between the curves the p values at each point. 


in the adrenalectomized than in the control 
rats. The administration of adrenal cortical 
e.xtract shortened the survival time of adrena- 
lectomized rats. These effects can all be ex- 
plained on the basis of the depression of 
protein turnover, and consequently, of urea 
formation observed after adrenalectomy. In 
the control group, the rising rate of urea 
production was probably due to the usual 
protein catabolic response to stress which 
occurs in the presence of the adrenal cortex. 
Harrison and Long^ found that the rate of 
nonprotein nitrogen excretion incre.ised after 
the second day of fasting in normal rats. The 
increasing difference in the rate of urea 
production between the adrenalectomized- 
nephrectomized and normal nephrectomized 
rats in our e.xperiment is of the same degree of 
magnitude as found by Harrison and Long 
in their studies on nitrogen excretion. Thus 


•in.irrison, H. C., .and Long, C. X. H., I'ndo- 
crinologii, 1940, 20, 971. 


Starvation itself may be a sufficient e.xplana- 
tion for the rising rate of urea production. The 
metabolic adjustments of uremia may play 
little or no part in accelerating urea forma- 
tion in the nephrectomized rat with intact 
adrenals. 

Summary. Adrenalectomized-nephrectomized 
rats fed a chow diet before operation have 
a high mortality rate. If the animals are 
prepared preoperatively for 3 days on a low- 
potassium diet, the adrenalectomized animals 
sundve longer than rats with intact adrenals. 
The rate of production of urea is normal imme- 
diate!}' after adrenalectomy, and fails to accel- 
erate in the manner characteristic of rats which 
intact adrenals subjected to starvation and 
uremia. The blood urea nitrogen level at 
death is lower in adrenalectomized than in 
control animals. .Administration of adrenal 
cortical extract to adrenalectomized-nephrec- 
tomized rats tends to restore the survival time 
and terminal blood urea nitrogen level to 
control values. 
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Attempts to Produce Acute Cardiac Failure by Posterior Pituitary Extracts. 

J. B. Nolasco* and Robert Kohrman. (Introduced by Carl J. IViggers.) 

From the Department of Physiology, Western Reserve University Medical Sehool, Cleveland, 0. 


The counterpart of clinical cardiac failure 
which develops after prolonged left ventricular 
strain as a result of working against an 
elevated arterial pressure has probably not 
been produced acutely in animal experiments. 
Until this is accomplished the fundamental 
cardiodynamic mechanisms involved will not 
have been fully elucidated. It remains prob- 
lematical, for example, whether the typical 
congestive heart faiiure which often develops 
clinically can occur as a direct consequence 
of prolonged strain of the left ventricle and 
reduction in its blood supply, or whether it 
is due to secondary causes. In the search for 
a method for producing hypertensive cardiac 
failure rather acutely, the use of posterior 
pituitary principles suggested itself. Extracts 
of the posterior pituitary gland containing 
chiefly or solely the pressor principles, when 
injected into anesthetized animals, cause an 
elevation of arterial pressure by peripheral 
constriction, constriction of coronary vessels 
of an intense degree, and probably as a result 
of such action depression of the myocardium. 
Pulsus alternans which becomes significant 
in view of the cardiac slowing induced has 
also been reported. According to Starling’s 
conception, myocardial failure means dynam- 
ically that the ventricles require a greater 
diastolic distention and higher initial tension 
in order to expel the same stroke volumes. 
Indeed, it is by virtue of such depressive action 
on the ventricles that caution has been urged 
in the clinical use of posterior pituitary prep- 
arations. 

Cardiac Effects jrovt Continued or Repeated 
Administration of Posterior Pituitary Prin- 
ciples. Fourteen dogs weighing from 10 to 
18 S kilos were anesthetized with morphine 
sulfate and sodium barbital. Aortic pressure 

« Traveling Fellow of the Roekefclier Foond.-i- 
tion. 


pulses were recorded by a calibrated Gregg 
optical manometer of adequate sensitivity and 
frequency. As a first approach, central venous 
pressures were measured by inserting a glass 
cannula into the superior vena cava via an 
external jugular vein and connecting it with 
the saline manometer, the pressure readings 
being made, after flushing, during e.xpiration. 
In some experiments peripheral venous pres- 
sures were recorded as well. It was realized 
that this is a crude procedure and quite in- 
adequate for dynamic studies, but it was 
sufficient to determine whether a pronounced 
rise of venous pressure such as is evident dur- 
ing clinical types of decompensation occurred. 
A number of different pituitary preparations 
were used and we were not able to detect any 
special difference between them.* In different 
e.xperiments pituitary extracts were injected 
in two different ways, namely, by administra- 
tion of fractional doses of 2 to 5 P.U. with 
an occasional administration of a larger dose 
and by slow continuous intravenous injection 
of a dilute solution over a period of hours. 
In the latter a solution containing 1 pressor 
unit per 10 cc was injected into a femoral 
vein by use of a IMariotte burette. 

Results. Tn’als with different preparations 
revealed that a prolonged and marked h 3 ’per- 
tension cannot be realized from the use of 
pituitary extracts alone. This was due in a 
certain measure to the development of an 
apparent refractoriness to repeated injections 
of the extracts. Elevation of pressure to high 
levels was also prevented bj^ the cardiac slow- 
ing which supervened and the myocardial 
depression which accompanied this slowing. 
However, at the moderate elevations of pres- 

f We .nro indebted to P.-irko-D.ax-is iinil Co., De- 
troit; the Wilson Laboratories, Cbicafi:o; Eli Lilly, 
Indianapolis; and the TTpjoIm Compaiiv, Kalama- 
zoo, for file largo quantifies of posterior pituilnr^' 
preparations required in tliese investigafion.s. 



Cardiac Failure by Pituitary Extracts 


109 



Time - minvrt"<* 

Fig. 1. 


sures no consistent elevation of superior vena 
cava pressure was found to occur which in 
an\’ way could be interpreted as congestive 
heart failure according to clinical standards. 

Fig. 1 illustrates the main effects of a 
continuous accelerating infusion.* After a pre- 
liminarj' large rise of systolic and diastolic 
pressures to a maximum of 187/146 mm Hg 
(2 upper plots) these pressures decrease to 
somewhat lower ranges (average 155/132 
mm Hg) owing partly to the marked retarda- 
tion of the heart from 128 to about 80 beats 
per minute. Estimation of cardiac output by 
analysis of aortic pressure pulses after the 
method of Hamilton and Remington- indicates 
that the high arterial pressures are maintained 
despite the large reduction in stroke volume 
and cardiac output. Since the stroke volume 
is decreased despite the marked cardiac slow- 
ing it is apparent that the myocardium of 

t Indicated by eross-hatcbod lower grapli. 

- Hamilton, IV. F.. and Hemington. .1., Am. J. 
riiiisiol., 1P4T, 14S. 14. 


the left ventricle is definitely depressed. This 
accords with observations previously reported 
b}* Wiggers® with regard to similar action 
on the right ventricle. Despite these changes, 
central venous pressure was not increased 
material!}*, although peripheral venous pres- 
sures measured by a catheter in the iliac 
veins rose moderately. 

The nature of the myocardial depression 
induced by continuous action of posterior 
pituitary principles is revealed by a study of 
the aortic pressure pulses. These underwent 
changes in contour which were fairly constant 
and are exemplified by 8 segments in Fig. 2. 
Segment 1 is a normal control. Segment 2 
shows an initial pressor effect, and segment 
3 a subsequent depressor effect following an 
injection of 2 units of pitressin. Segment 4 
represents the recovery but with the slowing 
maintained after this injection. Obviously, 
the effects of a single dose of posterior pitu- 
itary principles on rate persist longer than 
those causing depression of the myocardium. 
It is observed in segments 2 and 3 that regard- 
less of whether the diastolic pressure rises 
or falls the pulse pressure is materially de- 
creased. The isometric contraction phase in- 
dicated by the inteival between the small pre- 
liminary vibration and the rise of the pressure 
pulse is definitely prolonged. Some recovery 
is noted in segment 4. The cun*e rises much 
more gradually to a summit in segments 2 
and 3, indicating that the velocity of systolic 
discharge is reduced and its volume decreased. 
The magnitude of the change in stroke volume 
estimated according to the method of Hamil- 
ton and Remington is indicated directly on 
the record (S.V.). It will be noted that al- 
though the systolic discharge or stroke vol- 
ume is restored in segment 4 the minute vol- 
ume remains decidedly reduced owing to the 
continued reduction in heart rate (HR). 
Segments 5 to 8 indicate reactions during a 
later phase of the experiment after admin- 
istration of pitressin had been discontinued 
for some time. Segment 5 shows some char- 
acteristics of pituitar}’ action after another 
injection made after the cujwes of segment 4 

n Wiggcr.s, C. J., A m. J. Physiol., 1914, 33, 3S2. 
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had been recorded. Segments 6 and 7 indicate afferentation the heart rate, instead of de- 
additional and progressive effects of a con- creasing, generally accelerated to an extreme 
tinuous infusion. It will be noted that the degree. The mechanism remains enigmatic, 
stroke volumes and velocity of ejection by The conclusion was reached that this also 
the left ventricle reduce significantly and was not always a successful method for re- 
that in segment 7 the stroke volume was producing hypertensive cardiac failure acute- 
diminished, although the pulse pressure was ly. A second modification consisted in opening 
increased. Segment 8 shows considerable re- the chest, maintaining a mild artificial respira- 
covery, 52 minutes after the infusion was tion, and compressing the aorta to various 
stopped. degrees. This maneuver combined with in- 

Effects oj Pituitary Extracts Plus Ad- jection of posterior pituitary extracts enabled 
ditional Hypertension. Since a sufficiently us to produce higher systemic pressures al- 
intense hypertension could not be produced though it involved certain complications as 
by use of pituitary preparations alone, the well. For example, too great compression of 
technic was modified in two ways in an effort the aorta led to circulatory changes in the 
to make the left ventricle work against higher abdomen which tended to stagnate blood in 
arterial pressure levels. In 4 dogs the carotid the abdominal viscera. For this reason, such 
sinuses were excised and the vagi nerves cut. compression could not be maintained for too 
Thereupon, pitressin or pituitary extracts were long a time. The typical responses following 
again administered. Blood pressure was gen- 3 periods of continued injection of pituitary 
erally elevated at the start in such animals, e.vtracts over a period of 3 hours are indicated 
although it tended to decline before pituitary in Fig. 3. Arterial pressures were maintained 
extracts were administered. Progressive ad- at rather high diastolic levels throughout, the 
ministration of pitressin either by continuous heart rate became progressively slower, but 
injection or given in stepwise doses failed to central venous pressures remained remarkably 
cause a pronounced elevation of arterial pres- constant. However, this may perhaps be ac- 
sure required e.xcept very large' doses which counted for in part by the reduction in venous 
often proved treacherous. The observation return during aortic compression. Right 
was frequentiv made that after such de- ventricular failure in the clinical sense was 



Cardiac Failure by Pituitary Extracts 


111 



o 30 60 _ 90 . 120 too lio 

Tim« - minoTes 

FlO. 3, 


certainly not manifested in these experiments. 

It was apparent after many trials that the 
congestive heart failure does not eventuate in 
dogs when a depressed left ventricle is re- 
quired to work for 3 to 4 hours against high 
arterial resistance at the same time that the 
myocardium of the right heart is depressed 
and the coronary vessels are constricted. 
To assure ourselves that posterior pituitary' 
preparations injected into a femoral vein is 
in sufficient concentration in the blood stream 
to reduce coronary blood flow while pressures 
are elevated, experiments were carried out 
in which flow in the left ramus descendens 
was measured either by the Opdyke flowmeter* 
or by a bubble flow meter. These experiments 
showed that significant reduction of blood 
flow occurred. 

The conclusion was reached that if left 
ventricular strain accompanied by drastic 
reduction of coronary flow leads directly to 
cardiac decompensation the time factor must 
play an important role. Incidentally, our 

■< Opdylce. D. F.. .-ind Foreman, .-(m. J. Fhysiot., 
1017, 148, 72G. 


observations give some reassurance that while 
posterior pituitary preparations do induce 
coronary constriction and my'ocardial de- 
pression neither of these actions is apt to 
cause serious consequences when such prep- 
arations are administered in therapeutic doses 
to patients with normal coronary' circulation 
and cardiac action. Careful continuous ad- 
ministration of 185 units during a period of 
3 hours did not lead to permanent damage 
(Fig. 3). 

Summary. .An attempt was made to re- 
duplicate clinical conditions in which a de- 
pressed left ventricle with a reduced coronary 
flow is required to work against high arterial 
pressures (a) by repeated or continuous in- 
fusions of posterior pituitary extracts, and 
(b) by creating additional arterial resistance 
through cutting of afferent moderator nerx'es 
or mechanical compression of the aorta. In all 
of these ways it proved impossible over per- 
iods of 3 to 4 hours to induce a state compar- 
able to clinical congestive heart failure. If 
such failure is secondary to left ventricular 
strain plus reduction of coronary flow and 
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myocardial depression, the time element must 
play a dominant role. 

Additional information regarding the nature 
of left ventricular depression induced by 
large doses of posterior pituitary extracts was 
obtained by an analysis of the aortic pressure 
pulses. Experimental evidence indicated that 


serious cardiac consequences are not apt to 
result from use of posterior pituitary prepara- 
tions administered to patients with normal 
hearts in therapeutic doses. 

IVe desire to express our appreciation to Pro- 
fessor C. J. Wiggers for his supervision of tlie 
experiments and lielp in interpreting the data. 
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Effect of Estrogens on Early Development of Frog Embryos.* 
Roland K. Meyer, L. S. Kosmo, and W. H. McShan. 

Froni the Dcxmrfment of Zoolopp, University of Wisconsin, Madison, Wisconsin. 


BoelF showed that cytochrome o.xidase 
activity undergoes changes during the devel- 
opment of Amblystoma piinctatum embryos, 
and McShan and Me 3 'er- reported that certain 
estrogens inhibit the succinoxidase system 
in mammalian tissues. This inhibition by the 
estrogens was shown to be mediated through 
the cytochrome oxidase of the system. In 
the light of these results and the fact that 
cytochrome oxidase plays an important role 
in respiration, it became of interest to deter- 
mine whether exposure of fertilized frog 
eggs to natural and synthetic estrogens would 
affect their normal development. Eggs of 
Rana pipiens and Rana clamitans were treated 
with diethylstilbestrol and with estrone in 
varying concentrations and for varying per- 
iods of time. The results of these preliminary 
experiments will constitute the data presented 
in this paper. 

Frogs were procured from a dealer and 
stored in the laboratory at 4 C until used. 
Ovulation was produced and the eggs fertil- 
ized according to the standard technique of 


Rugh.® 


* Supported in part by tlie Research Committee 
of the Graduate School from funds supplied by the 
(Visoonsin Alumni Research Foundation. 
iBoell, Edgar J., J. Exp. Zooh, 1945, ^0, 331. 
2 McShan, W. H., and Meyer, Roland K., Arch. 

Ttochem., 1946, U, 165. , r- t i 

sRugh, Roberts, Experimeiita! Erntfryotopy, 
1941, N. Y. XJniv. Bookstore, IS Washington Place, 
York. 


A 10'S M stock solution of diethylstil- 
bestrol was prepared as reported by McShan 
and Meyer, and a solution of estrone of the 
same strength was made by dissolving 2.7 
mg of estrone in 0.3 cc of 2 N NaOH plus 
0.2 cc of 95% alcohol and diluting to a vol- 
ume of 10 cc. The required strength of the 
estrogens was obtained by dilution with 20% 
Holtfreter’s solution.^ Proper control solu- 
tions of NaOH and alcohol were used. 

The eggs were treated 1 hour after fertil- 
ization (after rotation and before the first 
cleavage) by dividing them into groups of 
30 and placing them in SO cc of the test 
solution. After e.xposure the eggs were rinsed 
with distilled water, transferred to Holt- 
freter’s solution and maintained at I8‘’C for 
5 days. Stages of development attained by 
normal and abnormal embryos were desig- 
nated according to Shumway." Abnormalities 
were recorded by number from Rugh’s series 
of photographs.® 

In the first series of experiments eggs of 
Rana pipiens and Rana clamitans were e.v- 
posed to diethylstilbestrol in concentrations 
of 27, 13.5 and 6.8y per cc for periods in- 
creasing b}.- half hours from hour to 4 
hours. Control groups of eggs were placed in 
6/100,000. 6/200,000 and 6/400,000 M 
NaOH and in 20% Holtfreter’s soiution. In 

■I Iloltfretcr, J., Arch. f. Enl. Mcch., 1931, 12t, 
404. 

2 SJiliniivxi V, lice., 3940, 7S, 330. 
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TABLE I. 

Effect of Diettiylstilbestiol and Estrone on the 
■Developnient of Eggs of Hana pipiens. 


Tre.itinent* 

7 /cc 

No. eggs 

% abnormal 

% survival 

D 

27.0 

154 

95.5 

12.3 

E 

27.0 

146 

100.0 

7.5 

D 

13.5 

152 

54.6 

71.1 

E 

13.5 

152 

99.3 

6.6 

D 

6.8 

152 

34.9 

97.4 

E 

6.8 

150 

100.0 

0 

D 

2.7 

61 

4.9 

100.0 

E 

2.7 

117 

100.0 

0.9 

E 

1.35 

123 

90.2 

26.0 

E 

0.68 

121 

26.4 

90.1 


* Eggs were exposed to the solutions for a period 
of 2^4 lirs beginning 1 hr after fertilization. De- 
velopment was observed for 5 days. 

D =: diethylstilbcstrol. E = estrone. 

R. pipiens, with only one hour’s exposure, 
27y of diethylstilbestrol per cc produced ap- 
proximately 100^ abnormal embryos and 
high mortality; 4 hours with 6.87 per cc 
produced less than 40% abnormality and low 
mortality. 13.5y per cc for 2 hours, however, 
gave approximately 53% abnormality and 
30% mortality. Eggs of R. clamitans showed 
a similar variation in response according to 
concentration and period of e.xposure but 
were more sensitive. 1 to 12% of control 
embryos were abnormal. 

On the basis of these results the 2^ 
hour period of exposure was used for a 
comparison of the effects of estrone and di- 


ethylstilbestrol on eggs of R. pipiens. Con- 
centrations ranging from 27 to O.687 per cc 
together with appropriate control solutions 
w’ere employed. The data in Table I show 
that the effects obtained with estrone were 
much greater than those produced by diethyl- 
stilfaestrol, and that wheii the ratio of ab- 
normal embryos was about 50% or less the 
percentage survival was high. Abnormalities 
in the controls ranged from 1.3 to 10%. The 
stronger concentrations of both diethylstil- 
bestrol and estrone produced a large number 
of abnormal embryos which did not develop 
beyond the blastula stage. Severe exogastru- 
lation and various degrees of spinal bifida 
were the most common abnormalities observed. 

Since it has been shown that estrogens 
inhibit cytochrome oxidase in vitro, further 
work is being done to determine whether 
this enzyme system can be inhibited in frog 
embryos by estrogens and thereby offer a 
possible explanation for the effects reported 
herein. 

Summary. Abnormalities were produced in 
the developing eggs of Rana pipiens and Rana 
clamitans by e.xposure to diethylstilbestrol 
and to estrone in varying concentrations and 
for varying lengths of time. Higher con- 
centrations of both substances produced more 
abnormalities, and estrone was found to be 
more effective than diethylstilbestrol. 
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A Simple Method of Producing Control Guinea Pig Immune Sera for Use 
with Complement Fi.xing Antigens for the Arthropod-Borne Virus 

Encephalitides.* 


W. McD. Haxlmon and Carlos Espana.I 

From Ihr Gcorflc Wmiarns Hooper Foumtotion for Maticot Jlc^nreh, Vuivereih, of Califorma. 

Snn I-’ronci.'ico, CoUfornia. 


It was noted in this laboratory that the 
sera^of guinea pigs, following the mild in- 

* Tills invcstig.ition w.is carried out in coll.-ibora- 
lion with the Commission on Virus and Rickettsial 
Disc,n.«cs, Army EpidcmioloRic.'il Board. Office of 
tlie Snrpcon Gener.al, U. S. Army, and aided by a 


fection resulting from an intracerebral in- 
oculation of St. Louis virus,' had good neutral- 

grant from tiic National Foundation for Infantile 
Paralysis. Inc. 

^ t Recipient of a predoetoral fcilowship from tbc 
N.ation!il Foundation for Inf.antilc Pamlysis, Inc. 
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izing titers. Later, when complement fixation 
with this virus and the Japanese B virus was 
undertaken, it was noted that sera of guinea 
pigs recovering from infection with either 
virus, had moderate complement fixing anti- 
body titers. Howitt- and later Brown® pre- 
pared such sera for equine viruses. However, 
most workers, following the recommendation 
of Casals and Palacios^ and of Casals,® used 
hyperimmune mouse sera. Havens et al.^ used 
hyperimmune hamster sera. Mice and ham- 
sters have the unique advantage of being sus- 
ceptible to fatal infections with all members 
of this group of viruses. Because of this, they 
can be given a long series of inoculations of 
any quantity of homologous brain-tissue virus. 
Disadvantages are that several months of 
immunization are required to obtain suitable 
titers; each animal when bled yields a very 
small quantity of serum, and because of anti- 
complementary or a non-specific type of re- 
action inherent in sera from these species, 
the sera require inactivation at temperatures 
of 60°C (mice) to 65°C (hamsters). Guinea 
pigs are susceptible to fatal infection only to 
the equine viruses. Using guinea pigs in long 
immunological procedures with mouse brain 
(other viruses) could be expected to result 
in sera reacting to all mouse brain antigens. 
Therefore, even though guinea pig sera require 
inactivation at only 56°C, they have been 
avoided in the past. 

The following simple technic, however, 
produces specific sera of high titer ;n a very 
short period of time, with minimal work and 
with a relatively large yield per animal. 

Western and Eastern Etquine Viruses. 0.5 
ml of a suspension of infected guinea pig 
brain of such dilution (ICh® to 10-*) as will 
produce a paralytic, but non-fatal infection 

1 Hammon, W. McD., unpublished data. 

e Houitt, B. F., Proc. Soc. Exp. Biol, and Med., 
1937, 35, 530. 

3 Brown, C. G., Proc. Soc. Exp. Biol, and Med., 


1944, 60, 91. 

4 Casals, J., awl Palacios, E., J. Exp. Med., 1941, 
74, 409. 

.a Casiils, J., J. Eact., 1945, 50, 1- 
« Havens, BT. P., Jr., Watson, D. W., Green, 
E. H.i ravin, G. I., and Smadel, J. E., J. Exp. 
Med., 1943, 77, 139. 


is given subcutaneously to each of a group of 
guinea pigs. Ten days later 0.5 ml of a lO*- 
dilution is given intraperitoneally and after 
7 to 10 days, O.IS m! of a I0-» dilution is 
given intracerebrally. After 2 weeks the ani- 
mals are bled to death. The serum is pooled 
and frozen in COo ice in a large number of 
small ampoules, or lyophilized in small tubes. 
The titer of this serum will fall quite rapidly 
when stored as a liquid at 5°C. 

St. Louis, Japanese B, West Nile, Russian 
Spring-summer and Hammon-Rceves Cali- 
fornia virus. After a few serial passages in 
hamsters, ampoules of hamster brain sus- 
pension are frozen and stored in COo ice. 
From the stock source guinea pigs are in- 
oculated. Two intracerebral inoculations are 
given, 0.15 ml each, of 10% brain suspension 
at an interval of 10 da}^s. Fever occurs in the 
guinea pig after the first injection, but rarely 
are other signs of infection observed. The 
animals are bled to death 10 or IS days after 
the second injection, and the sera preserved 
as in the case of the equine viruses. 

Characteristics of sera- These sera have 
been tested extensively over a period of sev- 
eral years with many types of brain antigen. 
A detailed report of the results is being pub- 
lished elsewhere. In no instance has a serum 
from an}'^ of these animals reacted with normal 
mouse-brain antigen, either before or after 
these immunization procedures. Japanese B 
and St. Louis sera usually have titers of 
1:256, occasionally 1:512; Eastern equine 
sera are generally in the range ,of 1:128 to 
1:256, while serum titers to the Western 
equine and California viruses are of the lowest 
order, usually 1:64 to 1:128. All are in a 
range where they can be used in relatively 
high dilutions as positive controls, or for the 
standardization of antigens. 

When used with mouse-brain antigens made 
by the Casals technic or by our modification 
of that of Havens ct al. (centrifuged at 
16,000 r.p.m.), some minimal overlapping oc- 
curs between the Western and Eastern equine 
sera as reported for monkey and hamster 
sera by Havens ct al., and between the mem- 
bers of the St. Louis-West Nile-Japanese B 
compIe.x. A slight but less pronounced over- 



CuREENT Stabilizer for Tiselius Apparatus 


115 


lapping occurs with sera of the latter group 
to the California virus antigen, but not in the 
reverse direction. With DeBoer and Cox* 
benzene extracted antigens, and our recent 
modification of their method,® much less over- 
lapping occurs and when our antigen is em- 
ployed in its optimal dilution (the highest 
antigen dilution which gives the highest serum 
titer in a combined antigen-serum titration), 

7 DeBoer, C. J., and Cox, H. E., J. Immunol., 
1947, 55, 193. 

8 Espana, C., and Hammon, W. McD., Proc. Soc. 
Exp. Biol, and Med., 1947, 66, 101. 


there is absolutely no overlapping detectable 
between any heterologous serum and antigen 
in original serum dilutions as low as 1:4. 

Stimmary. Herein is described a simple, 
economical and quick method for preparing 
highly specific, high titer guinea pig immune 
sera for use as positive controls, and for 
standardizing antigens in the complement 
fixation test. This method has been used for 
producing sera for Western and Eastern 
equine, St. Louis, Japanese B, West Nile, 
Russian Spring-summer and the Hammon- 
Reeves California virus. 


16002 

A Suitable Current Stabilizer for tbe Tiselius Apparatus.* 

jMark S. Levine and John T. McCarthy. (Introduced by E. E. Ecker.) 

From the Institute of Fathoiogy, and the Department of Physics, Western Deserve University, 

Cleveland, Ohio. 


It has become evident that present meth- 
ods of current control for the electrophoretic 
apparatus of Tiselius can be improved. It is 
common practice to use a voltage-stabilized 
power supph’’ to furnish the current. YtTiile 
this power supply gives a constant voltage 
across the whole cell, it does not furnish a 
constant current because of fluctuations of 
resistance within the cell. Most of these 
fluctuations probably arise within the elec- 
trode vessels. Inasmuch as the resistance of 
the central part of the cell is not a constant 
fraction of the total resistance of the cell, the 
voltage drop across this part and the field 
strength within it do not remain constant. 
Because of this it is customary' to measure 
the current and to calculate the field strength 
by means of the equation: X = I/qk,. 

X = field strength in volts per cm. 

I = current in amperes. 

* Aided by a grant from tlic Commouwc.aUli 
Fund. The materials needed for this invcstig.ation 
were supplied by the Charles F. Kettering Foun- 
dation. 

1 Abramson. 11. A., Moyer, L. S., and Gorin, 
M. H., Electrophoresis of Frotrin.s, p. Cl, Itcinliold 
Publishing Co., New York, 1949. 


q = cross-sectional area of the central part 
of the cell. 

k« = specific conductance of sample in re- 
ciprocal ohms. 

In order to apply this equation to apparatus 
employing a voltage-stabilized power supply 
it is necessary for the operator to make fre- 
quent observations of the current and to com- 
pensate for fluctuations by altering the ap- 
plied voltage. This frequent adjustment is 
tedious as well as time-consuming. 

It is preferable that current-stabilization 
rather than voltage-stabilization be used. The 
simple circuit which has been found suitable 
for the Tiselius apparatus is herein given. It 
is based on the principle that the plate current 
of a pentode vacuum tube remains constant 
despite changes in plate voltage. Further 
stabilization is obtained by the degenerative 
effect of the resistance in the cathode circuit. 

In operation the switch So is connected to 
the dummy load R 3 and then the switch Si 
is closed. This dummy load serves two pur- 
poses: first, the tubes are brought to normal 
operating temperatures in order to avoid sub- 
sequent fluctuations due to thermal changes: 
and secondly, the dummy load has approxi- 



114 


Encephalitis Complement Fixing Sera 


izing titers. Later, when complement fixation 
with this virus and the Japanese B virus was 
undertaken, it was noted that sera of guinea 
pigs recovering from infection with either 
virus, had moderate complement fixing anti- 
body, titers. Howitt- and later Brown® pre- 
pared such sera for equine viruses. However, 
most workers, following the recommendation 
of Casals and Palacios^ and of Casals,® used 
hyperimmune mouse sera. Havens et al.^ used 
hyperimmune hamster sera. Mice and ham- 
sters have the unique advantage of being sus- 
ceptible to fatal infections with ail members 
of this group of viruses. Because of this, they 
can be given a long series of inoculations of 
any quantity of homologous brain-tissue virus. 
Disadvantages are that several months of 
immunization are required to obtain suitable 
titers; each animal when bled yields a very 
small quantity of serum, and because of anti- 
complementary or a non-specific type of re- 
action inherent in sera from these species, 
the sera require inactivation at temperatures 
of 60°C (mice) to 65 °C (hamsters). Guinea 
pigs are susceptible to fatal infection only to 
the equine viruses. Using guinea pigs in long 
immunological procedures with mouse brain 
(other viruses) could be expected to result 
in sera reacting to all mouse brain antigens. 
Therefore, even though guinea pig sera require 
inactivation at only 56 °C, they have been 
avoided in the past. 

The following simple technic, however, 
produces specific sera of high titer m a very 
short period of time, with minimal work and 
with a relatively large yield per animal. 

TVesfer/r and Eastern Equine Viruses. 0.5 
ml of a suspension of infected guinea pig 
brain of such dilution (I O'® to 10-*) as rvill 
produce a paralytic, but non-fatal infection 

I Hammou, tV. McV., unpuWisIied data. 

a Howitt, B. F., Proc. Soc. Exp. Brat., anv Med., 


1937, »5, 526. 

3 Brown, C. G., PROC. Soc. Exp. Biol. anj> Med., 
1944, 56, 91. 

■i Casals, J., and Palacios, B., J. Sxp. Med., 1941, 


74, 409. 

Casals, j., -7. Sact., 1945, oO, 7- 
0 Havens, W. P., Jr-, Watson, H. W., Green, 
B. H., Liivin, G. I., and Smadcl, J. E., J. Bxp. 
Med., 1943, 77, 139. 


is given subcutaneously to each of a group of 
guinea pigs. Ten days later 0^5 ml of a 10-® 
dilution is given intraperitoneally and after 
7 to 10 days, 0.15 ml of a' lO-^ dilution is 
given intracerebraiiy. After 2 weeks the ani- 
mals are bled to death. The serum is pooled 
and frozen in COn ice in a large number of 
small ampoules, or lyophilized in small tubes. 
The titer of this serum will fall quite rapidly 
when stored as a liquid at S°C. 

St. Louis, Japanese B, West Nile, Russian 
Spring- summer and Haminon-Recves Cali- 
fornia virus. After a few serial passages in 
hamsters, ampoules of hamster brain sus- 
pension are frozen and stored in CO 2 ice. 
From the stock source guinea pigs are in- 
oculated. Two intracerebral inoculations are 
given, 0.15 ml each, of 10% brain suspension 
at an interval of ID days. Fever occurs in the 
guinea pig after the first injection, but rarely 
are other signs of infection observed. The 
animals are bled to death 10 or 15 days after 
the second injection, and the sera preserved 
as in the case of the equine viruses. 

Characteristics of sera. These sera have 
been tested extensively over a period of sev- 
eral years with many types of brain antigen. 
A detailed report of the results is being pub- 
lished elsewhere. In no instance has a serum 
from any of these animals reacted with normal 
mouse-brain antigen, either before or after 
these immunization procedures. Japanese B 
and St. Louis sera usually have titers of 
1:256, occasionally 1:512; Eastern equine 
sera are generally in the range ^of 1:128 to 
1:256, while serum titers to the Western 
equine and California viruses are of the lowest 
order, usually 1:64 to 1:128. AH are in a 
range where they can be used in relatively 
high dilutions as positive controls, or for the 
standardization of antigens. 

When used with mouse-brain antigens made 
by the Casals technic or by our modification 
of that of Havens et al. (centrifuged at 
16,000 r.p.m.), some minimal overlapping oc- 
curs between the Western and Eastern equine 
sera as reported for monkey and hamster 
sera by Havens et al., and between the mem- 
bers of the St. Louis-West Nile-Japanese B 
complex. A slight but Jess pronounced over- 
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Clotting Defect in Hemophilia: Deficiency in a Plasma Factor Required 

for Platelet Utilization. 

K. il. Brikkhous. 

From the Deportments of Pathology, State Z/niversity of lotca, lotra City, aiiel I'uircrsity of 

A'ortli Carolina, Chapel Jlill, F.C. 


Previous studies^ have shown that in hemo- 
philic blood there is a delayed conversion of 
prothrombin into thrombin, apparently be- 
cause liberation of tliromboplastin from the 
formed elements of the blood is slow. Follow- 
ing removal of formed elements b\' centrifu- 
gation, normal plasma showed a delayed pro- 
thrombin conversion rate, but the delay was 
much less than in hemophilic blood. It was 
postulated that further centrifugation would 
produce in normal blood a slow clotting time 
and a delayed prothrombin conversion rate 
identical with those in hemophilic blood. It 
was suggested also that normal plasma, rend- 
ered spontaneously incoagulable by freeing it 
of its formed elements, was needed for a cru- 
cial test of the clotting defect in hemophilia. 

Fuchs- reported having obtained sponta- 
neously incoagulable human plasma by high 
speed centrifugation of carefulh'^ collected 
blood in paraffined glassware. Neither Feis- 
sh"^ nor Smith, Warner and Brinkhous'* were 
able to confirm this work, despite the fact that 
equipment of Fuch’s design was used. Re- 
cently Jaques and coworkers^ reported the 
use of non-wettable surfaces treated with sili- 
cone to delay the clotting time of normal 
blood. In the experiments reported below 
this method has been adapted to obtain from 
normal individuals plasmas which clotted 
slowly or not at all in contact with ordinary 
glass. Such plasmas may be termed quasi- 

1 Brinklioiis, Iv. M., Am. .T. Med. Sci.. 1030, lOS. 
500. 

2 Fiielis, H. .T.. Arch. exp. FcUforsch.. 1033, 14, 
334. 

n Feissly, R.. Hclv. Med. Aeta, 1040, 7, 5S3. 

■t Smith, n, r., Warner, E. D., and Brinkhous, 
K. if., unpi'l^lishcd data. 

t> .Taques, E. B.. Fidlar, E., Feldsted, E, T,, and 
itacdonahl, A. G., Canadian Med. Asitn. J., 104G, 
«K>, 2G, 


hemophilic since, like hemophilic plasma, tliey 
had a delayed prothrombin conversion rate 
but clotted promptly after addition of throm- 
bin or thromboplastin. They were tested for 
their corrective effect on the clotting of true 
hemophilic blood and plasma. A preliminary 
report of these data was made recently.® 

The technic used to obtain quasi-hemophilic 
and hemophilic plasmas was briefly as fol- 
lows: Syringes, needles and glassware were 
treated with a methrdchlorosilane, General 
Electric Dri-Film.® Blood was drawn from 
the antecubital vein directly into sodium 
citrate solution (3.2% NasCcHjOv • ZH^O) in 
the ratio of 8 ml blood to 1 ml anticoagulant. 
The blood was centrifuged initially up to 30 
minutes in an angle centrifuge at 5700 r.p.m. 
(about 3300 g) . The supernatant plasma then 
was subjected to a series of recentrifugations 
of 30-90 minutes each at the same speed. In 
instances in which the total centrifugation 
time exceeded 2 hours, the plasma was cen- 
trifuged for a period of 10-20 minutes at 
14,000 r.p.m. (about 14,000 g) immediately 
after the initial centrifugation. Platelet-free 
plasmas were centrifuged for 165-1350 
minutes, platelet-rich plasmas for 5 minutes. 
Collection and centrifugation of the blood 
were carried out in a constant temperature 
room (2°C). 

Clotting time determinations were made 
after recalcification with CaCl- (1.27o) at 
2S°C in ordinaiy^ glassware. Each clotting 
tube contained 0.15 ml citrated plasma. Cal- 
cium, sufficient to give the shortest clotting 
time, and saline (0.99c NaCl) were added to 
make a total volume of 0.25 ml. In testing 
its effect on the clotting of hemophilic samples, 
the normal plasma was added in the ratio of 
1 part to 10 parts hemophilic plasma. The 

« Briiikkous, K. M., Fed. Prne., IPEtTc, 3S9. 
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PARTS LIST 

Tl — ^Filament transformer with 5 V and 0.3 V n-indings. 
T2 — Porver transformer — i50 V each side of center tap. 

LI — Filter choke — 10 h. 

Cl, C2 — Filter eondensors — 8 mfd, 600 V, 

El — 50,000 ohms, 10 Tratts. 

E2, K3 — 20,000 ohms, 50 -watts. 
ij4-_potentiometer rheostat, 2000 olims, 5 -watts. 

E5 — Potentiometer rheostat, 200 ohms, 5 watts. 

S1~S. P. S. T. switch. 

S2, S3— D. P. X). T. switches. 

SI — 0-30 milliameter, accurate to 0.5%. 


mately the same resistance as the electro- 
phoretic cell and so the 2,000 ohm rheostat 
may be set so that the current is approxi- 
mately that required in the cell. Then So is 
changed so that the current -will flow through 
the cell and the final adjustment made with 
the SO ohm rheostat R5. S3 is a reversing 
switch employed for alternation of the polarity 
of the electrodes on successive runs. The 
switches and controls are mounted so that the 
power switch Si is never closed when the 
cathode resistance is very small or when the 
plate circuit of the 6L6 G is open. This avoids 
damage to the tube. 

It is found that the current variations with 
this source are undetectable on the milliam- 
meter accuracy) used to measure the 

current. The effect of fluctuations of line 
voltage and of cell resistance is negligible. 


Thus the current through the Tiselius cell is 
maintained at a constant value. The measure- 
ment of current by means of a standard re- 
sistance and potentiometer seems unneces- 
sary and unjustified. A precise milliammeter 
is much more convenient and ine.xpensive and 
offers sufficient precision for all electrophoretic 
studies. 

The cost of this circuit, e.xdusive of the 
milliammeter, was less than 20 dollars. For 
size, cost and performance it has been satis- 
factory for currents of 15-30 ma. It is pos- 
sible that some of the simple constant-cur- 
rent circuits studied bj' HilF could easil)'^ be 
adapted for use with electrophoretic cells. 

e Swingle, S. M., ^ev. Sci. Inst., JSi7, 18, 15S. 

^ Hill, tv. E., Pros, of the I. It. E., November. 
1945, p. 7S5. 
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TABIxE n. 


Effect of Addition of Xonnal Blood or Plasmas on Gotting of HemopMUc Blood or Plasmas. 


Clotting time 

Eeeulcified normal plasma (to be 
added to bemopUUic plasma), 
min. 

Clotting time 

Becalcified bemopliUie blood or plasma, 
after addition of normal plasma 

Wbole bemopliilie 
blood, 
min. 

platelet-free 
lieiDopliUic plasma, 
min. 

6* 

G 

. G 

S 

t 

IS 

17 

6V» 

IP 

31 

6 

26 

40 


SO 

no clot ISOO 

6 

no clot ISOO 


4.5-120 T 

no clot ISOOi 


* Wliole Wood. 

t Controls, showing clotting times of warions hemophilic specimens after recalcification, 
without normal plasma addition. 


TABLE m. 

Effect of Platelet Suspensions and ivormal 
Plasma"* on Clotting of Platelet-free Hemophilic 
Plasma.* 


Clotting time 
Becalcified hemophilic 
plasma, after 
addition of platelets 
or plasma. 

Supplement min. 


Xormal platelet suspension 

32 

Hemopbilic platelet suspension 

*2S 

A'ormal platelet-poor plasmaf 
Xormal plasma -h normal platelet 

30 

susp. 

Xormal plasma -f- Iiemopliilie 

SVi 

platelet susp. 

c 


* Plasmas used in this experiment had been cen- 
trifuged for 120 minutes. 

t Clotting time of rccalcified normal plasma was 
32 minutes. 

plalclcl-frec hcmopIiUk plasma (see Table 
III). With the platelets alone the dotting 
time remained prolonged, but in the presence 
of normal plasma, which by itself did not 
correct the clotting defect, the platelets re- 
duced the dotting time to the normal range. 

Bisaission. The data indicate that the dot- 
ting of normal plasma depends upon the pres- 
ence of formed elements. Plasma deprived 
of formed elements or their disintegration 
products is stable, even in the presence of a 
wettable surface and optimal calcium in con- 
centration. The abiliri’ to dot is restored bv 
addition of platelets. Unless formed elements 
are present, normal stable plasma is without 
effect on the clotting of hemophilic plasma. 


These data indicate that platelets and per- 
haps other formed elements cannot be utilized 
in the absence of a plasma factor present in 
normal blood. 

.\ simple faxTothesis based on these findings 
is offered: Normal plasma contains a factor 
necessary for thromboplastin liberation from 
the formed dements of the blood, presumably 
by platelet lysis. This platelet-lysin or throm- 
bycj-tolysin is defident in hemophilic plasma. 
When the l\*tic factor is supplied to hemo- 
pbUiacs, as in blood or plasma transfusions, 
platelets rupture in the normal manner. Suf- 
ficient thromboplastin then becomes available, 
and the block in the dotting mechanism is re- 
moved. 

Numerous workers. induding.Fdssly,^ have 
attempted to test the effect of normal plasma 
on hemophilic plasma in the absence of plate- 
lets. Their results have shown an accelera- 
tion of the dotting of hemophilic plasma in 
the apparent absence of platelets. These dis- 
cordant results may be due to the presence of 
free thromboplastin in the normal plasma from 
breakdown of the formed elements during col- 
lection and handling of the plasma, and" per- 
haps also from incomplete removal of formed 
elements by centrifugation. 

In the experiments presented in this paper, 
the centrifugal forces used were so low that it 
appears unlikely that any macromolecular 
substance essential for clotting, such as the 
thromboplast ic protein describ^ by Chargaff 

3 Fcisslv, R.. Heir. 2[cd, .Acta. 194u. 12. 437. 
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TABLE I. 

Effect of Centvifagatioii Time on Clotting of Se- 
calcified Kormal Blood or Plasma. 


Centrifugation time 
niin. 

Clotting time 
min. 

0 

6% 

10 

8% 

30 

10 

60 

IS^A 

90 

20 

120 

31 

165 

37 

1350 

110 clot 1800 


actual volume added was adjusted to correct 
for the citrate content. When whole blood 
was used, the volume was adjusted in addition 
for cell volume as indicated by the hema- 
tocrit. 

Platelet suspensions were prepared by dif- 
ferential centrifugation of blood in silicone 
glassware. The platelet sediment was washed 
by resuspension in citrate-saline solution (1 
part citrate solution, 9 parts saline) and re- 
centrifuged. This was repeated 3 times. 
Microscopic examination showed the platelets 
to be well preserved. Platelet suspensions 
were added to provide 25,000-30,000 platelets 
per mm® in the final clotting mixture. 

Most of the data on hemophilic blood was 
obtained from one patient, although the ex- 
periments were repeated on at least one of 3 
other hemophilic patients. The normal blood 
samples were obtained from 7 different indi- 
viduals. 

Quasi-hemophilic plasma jrom normal blood. 
Table I shows that centrifugation of normal 
blood for hour or less produced plasmas 
with clotting times within the range com- 
monly accepted as normal, but that longer 
centrifugation produced progressively longer 
clotting times. Finally, plasma was obtained 
which did not clot within 30 hours after re- 
calcification. 

The prothrombin content''® of several sam- 
ples of quasi-hemophilic plasma, including 
those spontaneously incoagulable, was within 
the normal range of 90% to 110%. The pro- 
thrombin conversion rate of t hese samples, de- 

7 Warner, E. D., Brinklioos, K. and Smith, 

H P., Am. J. Thy Adi,, 1936, ll-t, 66'- 

8 Smith, H. P., Warner, E. P., and Brinkhons, 

K. ar., ff. Try. Med., 1937, 6C, 801. 


termined as previously described,^ was de- 
layed. The longer the clotting time, the 
greater was the delay. 

Plasmas, similar to those shown in Table I, 
and whole blood were clotted with the same 
rapidity by thrombin solutions (Parke Davis 
“Thrombin Topical”) and by thromboplastic 
e.xtract of beef lung.® Tests for antithrombin 
activity gave normal values. AH of the plasmas, 
when incubated with thrombin solutions, de- 
stroyed thrombin in the same amount and at 
the same rate. 

The addition of platelet suspensions to the 
quasi-hemophilic plasmas reduced the clotting 
time to 6 to 9 minutes. This is in contrast 
to the behaviour of platelet-free hemophilic 
plasma described later (see Table III). 

Failure of quasi-hemophilic plasma to cor- 
rect the clotting defect of platelet-free hemo- 
philic plasma (see Table 11) . Normal citrated 
whole blood reduced the clotting times both 
of whole hemophilic blood and of platelet-free 
hemophilic plasma to 6 minutes. The effective- 
ness of the normal plasmas in correcting the 
dotting defect of platelet-free hemophilic 
plasma decreased as their clotting times be- 
came prolonged. The spontaneously inco- 
agulable normal plasma was entirely without 
effect. Regardless of the degree of prolonga- 
tion of their clotting times, however, the nor- 
mal plasmas retained their corrective action 
on the clotting of whole hemophilic blood. 

Corrective action of normal plasma on the 
clotting of hemophilic plasma in the presence 
of platelets. In a series of further tests, quasi - 
hemophilic plasma was added to platelet-ridi 
hemophilic plasma, and platelet-rich normal 
plasma was added to platelet-free hemophilic 
plasma. In the presence of numerous platelets, 
either normal or hemophilic, the hemophilic 
clotting time was reduced to the normal range. 
The results of one test follow. When a sam- 
ple of platelet-poor normal plasma which had 
3 clotting time of 27 minutes was added to 
platelet-free hemophilic plasma, the dotting 
time was 25 minutes; when it was added to 
platelet-rich hemophilic plasma the dotting 
time was 7 minutes, and when added to whole 
hemophilic blood, dotting occurred in 
minutes. 

£fcct of platelet suspensions on clotting of 
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ent at the beginning of the experiment. 

Results of a representative e.xperiment are 
presented in Table I. Concentrations up to 
200 units per cc produced little or no inhibi- 
tion of groivth when no further penicillin ivas 
added. When penicillin was added at 3 day 
intervals, inhibition was noted in the tube 
originaIl3'- containing 200 units per cc, indi- 
cating that penicillin inactivation was rela- 
tively slight, and that the final concentration 
was considerably in e.vcess of 200 units per cc. 
With concentrations above 600 units per cc 
there was not only inhibition, but an actual 
decrease in optical density, indicative of Ij'sis 
of the organisms. 

A secondary outgrowth of the inhibited and 
partij' lysed organisms was observed in the 
tubes containing 600 and 800 units per cc, 
when no more penicillin was added, but no 
secondarj' outgrowth occurred with a concen- 
tration of 1000 units per cc. 

Relation of Inoculum Size and Medium to 
Penicillin Inhibition. Tubes containing 5 cc 
of liquid Tween-albumin or oleic acid-albumin 
media with various concentrations of penicillin 
were inoculated with tenfold dilutions of a 
7-day-old culture of H37Rv diluted in 0.5 cc 
of distilled water. The inoculum for one set 
of tubes had been grown in Tween-albumin 
medium (dispersed growth), and for another 
set in oleic acid-albumin medium (granular 
growth). To allow for possible penicillin in- 
activation, 2 sets of tubes were inoculated. 
To one set, penicillin in the original concen- 
trations was added on 3 occasions at 3-day in- 
tervals; to another no further penicillin was 
added to the amounts present at the begin- 
ning of the experiment. The results were 
recorded after 14 da\’s incubation, complete 
inhibition of growth being regarded as the 
endpoint. 

As shown in Table II, the inhibitory effect 
of penicillin was much greater in the Tween- 
albumin medium than in the oleic acid-albu- 
min medium, and this difference was related to 
the size of the inoculum. In the oleic acid- 
albumin medium, growth was inhibited by 
1000 units per cc: with 100 units per cc, ito 


TABLE I. 

B-jcteriostasis .-iikI Lysis of .a L.irge Inoculum of 
Tubercle Bacilli by Penicillin in Tween-Albumin 
Jledium. 

A. Original Amounts of Penicillin Added 4 Times 
at 3-day Intervals. 


D.ays 

1 ' 

4 

S 

13 

17 

Penicillin 
coiiccntr.'itions, 
units jicr cc 

0 

. 082 * 

.150 

.252 

.300 

.41 

100 

.082 

.155 

ooo 

.301 

.40 

200 

.082 

.125 

. 2 W 

.275 

.318 

400 

.082 

.082 

.001 

.001 

.001 

COO 

.082 

.oei 

.051 

.051 

.051 

800 

.082 

.001 

.051 

.051 

.051 

1000 

.082 

.055 

.051 

.051 

.051 

B. Xo Penicillin 

Added 

to Initi.nl Concentr.-itions. 

D.iys 

1 

4 

8 

13 

17 


Penicillin 
concentrations, 
units per cc 


0 

. 082 * 

.150 

.252 

.370 

.43 

100 

.082 

.150 

.252 

.376 

.43 

200 

.082 

.136 

.252 

.350 

.41 

400 

.082 

.102 

.214 

.340 

.41 

000 

.082 

.082 

.375 

.327 

.41 

800 

.082 

.001 

.055 

.097 

.20 

1000 

.082 

.055 

.055 

.055 

.055 


* Turbidities (optical densities) were measured 
with a Coleman spcctropliotomctcr. 


inhibition occurred, growth being as good as 
in the control tubes, regardless of the size of 
the inoculum. With the Tween-albumin 
medium, on the other hand, growth in 100 
units per cc occurred only with the largest 
inoculum, and with smaller inocula the amount 
of penicillin necessary to suppress growth 
rapidly declined to 1 unit per cc or less. 

When the inoculum was grown in the oleic 
acid-albumin medium, i. c., when it consisted 
of clumps rather than diffusel}' growing bacilli, 
the inhibitory effect of penicillin in the 
Tween-albumin medium was somewhat less 
marked. This suggests that the clumps were 
better able to survive initially in the pres- 
ence of penicillin. However, the Tween ef- 
fect was not overcome entirely’, possibly be- 
cause even with clumps as an inoculum, sub- 
sequent growth in the Tween-albumin medium 
was diffuse. 

As in the previous e.\-periment, evidence of 
destruction of penicillin by the tubercle bacil- 
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and West/® could have been removed by the 
centrifugation. 

Summary. 1. By special handling and pro- 
longed centrifugation of normal blood, plasmas 
with a delayed clotting time can be obtained. 
If centrifugation is prolonged sufficiently, the 

lOCliargaff, B., and West, E., J. Biol. C/icm., 
1946, 166, 189. 


plasmas become spontaneously incoagulable. 

2. Normal plasmas of this type require the 
presence of platelets and perhaps other formed 
elements to correct the delayed clotting of 
hemophilic plasma. 

3. These findings indicate that in hemo- 
philia there is a deficiency in a plasma fac- 
tor required for platelet utilization. It is sug- 
gested that this factor is a thrombocytolysin. 
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Effect of Penicillin on the Tubercle Bacillus In vitro. 

W. M. M. Kirby* and R. J. Dubos. 

From the Lahoraiorics of the Focl-efcUer Institute for iledwal Jtcscarch, 'New Xorh City. 


Reports concerning the effect of penicillin 
on the tubercle bacillus are contradictory. The 
0.\ford group originally noted no inhibition of 
growth in glycerol broth with a penicillin con- 
centration of 40 units per cc.^ Subsequently, 
inhibition by as little as 20 units per cc was 
observed by one investigator,- whereas others 
reported no inhibition with concentrations of 
20 to 30 units per cc.®’'‘ Actual stimulation of 
growth by small concentrations of penicillin 
was described in one instance,® while in an- 
other, rapid destruction of large amounts of 
penicillin (800 units per cc) by culture fil- 
trates of M. tuberculosis was observed.® These 
contradictory results, and the desirability of 
using penicillin to suppress the growth of con- 
taminants in cultures for the primary isolation 
of tubercle bacilli, have made it appropriate 
to reinvestigate the effect of penicillin on the 
tubercle bacillus in vitro. 

Materials. H37Rv, a standard virulent hu- 


* Visiting investigator from the Dep.-irtraeiit of 
ilcdieine, Stanford University Scliool of Medicine, 
San Praniiisco, California* 

1 Abralmm, E. P-, cf a!., Louect, 1941, 2, 177. 
c Il.and C. K., J. Path, and Bad., 1946, 58, 495. 
3 Smitli, ai. I., and Enimart, E. W., Pub. Rcalih 
Bcp., 1944, 59, 417. 

I Friedmann, I., Tuberde, 1945, 20, 75. 
sUngar, J., and JIuggleton, P., /• Path, and 


Pact., 1946, 58, 501. 

c Woodruff, H. B., and Foster, J. W 


,7. Bad., 


1945, 49, 7. 


man strain of M. tuberculosis, was used 
throughout the experiments because of its 
similarity in virulence and response to anti- 
microbial agents to strains isolated from pa- 
tients with tuberculosis.'^'® 

The experiments were performed in liquid 
and on solid media recently developed in this 
laboratory.®'^® The penicillin employed was 
commercial crystalline penicillin G, obtained 
from various manufacturers. 

Expermental. Lytic Action of Penicillin. A 
large inoculum of tubercle bacilli, 0.25 mg per 
cc, was added to test tubes 25 by 150 mm 
each containing 15 cc of Tween-albumin 
medium and penicillin in concentrations tang- 
ing from 100 to 1000 units per cc. The tubes 
w'ere incubated at 37°C, and optical densities 
were recorded on the Coleman Spectropho- 
tometer every day or two. Because of the 
possible destructive action of the tubercle 
bacillus on penicillin, the original concentra- 
tions were added to one set of tubes every' 3 
days on 4 occasions. To another set, no fur- 
ther penicillin was added to the amounts pres- 

7 Middlobrook, G., and Ycgian, D., Jm. Bcv. 
Tttberc., 1946, 54, 553. 

a Feldman, W. H., and Ilinsli.'nv, U. C, din. I'cv. 
Tuberc., 1947, 55, 428. 

* Dubos, E. J., and Davis, B. D., J. Pxp. iltd., 
1946, 83, 409. 

10 Dubos, E. J., and Jfiddlebrook, G., Am. A'rv. 
Tubcrc., in press. 



Antibacxeeial Peoperties of jMandelamine 


123 


agents against other bacteria by various ■wet- 
ting agents is well known.^® This increased 
inhibitory action of penicillin against the tu- 
bercle bacillus in the Tween-albumin medium 
is similar to that recently observed by Fisher 
vrith streptomycin.^ 

The relatively slight destruction of penicil- 
lin by the human virulent strain H37Rv in the 
present studies is in contrast to the marked 
destruction reported by others using nonpatho- 
genic laboratory strains."-® It may be noted 
that one of these strains, No. 607, which is 
often used in studies of tubercle bacilli, does 
not fulfill the cultural and biological require- 
ments of a true tubercle bacillus. It should 
be stated that since there was relatively little 
decline in penicillin activity, no attempt was 
made in the present experiments to determine 
quantitatively the extent to which the decline 
was due to inactivation of penicillin by tu- 
bercle bacilli, to deterioration in the incubator, 
or to a secondarj' outgrowth of resistant 
variants. 

It would appear that the addition of penicil- 
lin in concentrations of 50 to 100 units per cc 
to the liquid or solid oleic acid-albumin me- 
dium may prove a valuable adjunct in cultur- 
ing contaminated materials. 

Current methods of treating clinical speci- 

la McCuUocli, E. C., Disinfection- and Steriliza- 
tion, 2nd Edition, Lea and Pebiger, Pliila., 1945. 

H Pisber, M. AV., .din. Dev. Tiibcrc., in press. 


mens often do not destroy all of the con- 
taminants, and inhibitory dyes, such as mala- 
chite green, which are ordinarily added to the 
classical egg yolk-potato media, may also^ in- 
hibit the growth of the tubercle bacillus.^® It 
should be realized, of course, that many types 
of organisms are not inhibited by penicillin, 
although concentrations as high as 50 to 100 
units per cc may be adequate to suppress the 
growth of many bacteria and fungi not ordi- 
narily considered susceptible. 

Summary and Conclusions. Using appropri- 
ate experimental conditions, a virulent human 
strain of M. tuberculosis has been found to 
undergo partial lysis in the presence of high 
concentrations of penicillin. 

Small inocula of tubercle bacilli are highly 
susceptible to concentrations of penicillin as 
low as 1 unit per cc in the Tween-albumin 
medium. In the oleic acid-albumin medium, 
penicillin in a concentration of 100 units per 
cc causes no inhibition of growth, even with 
the smallest inocula. 

Preliminary experiments indicate that in 
both the solid and liquid oleic acid-albumin 
medium, penicillin in concentrations of 50 to 
100 units per cc may prove a valuable adjunct 
in culturing tubercle bacilli from contaminated 
materials. 

15 Corper, II. .1., and Colm, M. L., Am. liev. 
Tuhcrc., 194G, oS, 575. 
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Some Antibacterial Properties of Mandelamine (Methenamine Mandelate). 
Charles J. Duca and John V. Scudi. 

From the Hcscarch Enliorniorics of the Xepera Chemical Co.. Inc., Xepera Par};, Tonl'cr.’:, X.T. 


In recent years, the sulfonamide drugs and 
the antibiotics have dominated the field of 
chemotherapy. The successful use of these 
drugs in the treatment of urinary tract infec- 
tions, however, is dependent upon an unob- 
structed urine flow plus adequate kidney func- 
tion. Further, administration of these drugs 
requires close medical superv-ision and, finally. 


invading organisms tend to develop resistance 
to both classes of drugs. For these reasons, 
a relatively non-toxic drug which can be ad- 
ministered by mouth over protracted periods 
of time to ambulant patients would be highly 
desirable. According to Carroll and Allen^ 

1 Carroll, G.. .md Allen, H. N., ,T. Vrology, 194G, 
674. 
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lus was slight. Except for the first two tubes 
in the oleic acid-albumin medium, the end- 
point was the same whether further penicillin 
was added or not. 

These results were extended to the solid 
oleic acid-albumin agar medium, on which, 
even with the smallest inocula (3 or 4 organ- 
isms per plate), no inhibition of growth was 
noted with penicillin in a concentration of 
100 units per cc. 

In preliminary experiments with contami- 
nated material, quantitative plate counts were 
made from saline suspensions of the macerated 
lungs of Swiss mice infected intravenously 
with H37Rv. The control plates were often 
so heavily contaminated with other bacteria 
that the presence or absence of tubercle bacilli 
could not be determined. Plates containing 
penicillin in a concentration of 100 units per 
cc almost invariably showed complete suppres- 
sion of growth of the contaminants, and in no 
instance was there evidence of inhibition of 
growth of the tubercle bacilli. 

Comment. The foregoing experiments dem- 
onstrate that under appropriate circumstances 
tubercle bacilli undergo partial lysis in the 
presence of penicillin, hlany other bacteria 
are lysed by penicillin, some, such as sta- 
phylococci, quite rapidly and completely,^* 
and others, such as anaerobic streptococci, 
more slowl}’^ and to a lesser degree.*- Tubercle 
bacilli appear to fall into the latter category. 

The explanation for the much greater in- 
hibitory effect of penicillin in the Tween- 
albumin than in the oleic acid-albumin me- 
dium is not entirely clear, but it may be 
found in part in the more intimate contact 
between the antibiotic and the individual or- 
ganisms in the Tween-albumin medium, in 
which growth is diffuse, than in the oleic acid- 
albumin medium, in which growth is granu- 
lar. In addition, specific alterations in the 
physico-chemical characteristics of the cell, 
caused by the presence of the non-ionic, sur- 
face active wetting agent “Tween 80,” may 
play a major role in the phenomenon. En- 
hancement of the actnuty of antimicrobial 

n Kirby, tvTlil 31., Clin. Invest.. 1045, 24, 
1(55. 

Todd, E. W., Lnncct, W4S, 2, 172. 
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TABTwK II. 

Ifocentlj- Isoliitcil Stniiii.') in Niiriniil Stprilo Urine liuffereil lit pll 5.5 .niul G.5. Minimal ImelerinHtatie and baeterieiilal eimcontrafions in mg %. KacU 

figure is tlie average of 5 diffcreiil series of tests, 
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TABIiE 1 

stock Labovatorj- Strains in Xornwl Sterile Urine Buffered at pll 5.5. Minimal bacteriostatic 
and bactericidal concentrations of mandelamine, streptomycin, and sulfatliiazole given in mg % 
Each figure is the average of 5 different series of tests. 


E. coH 64 

” ” 4E5190 

A. aero genes 129 

JC. friedlandcri type An2 

” ” " BESS 

St. anrciis 209 

” ” SM 

Ps. aeruginosa ATCG 9029 


Mandelamine 


Static 

ft'dal 

50 

50 

50 

50 

25 

25 

12.5 

12.5 

25 

25 

15 

25 

20 

25 

40 

40 


Streptomycin 


/ 

Static 

Cida] 

20 

20 

20 

20 

20 

20 

5 

5 

5 

5 

10 

20 

40 

40 

40 

40 


Sulfatliiazole 

Static Cida? 

5 10 

7.0 20 

3 5 

0 10 

5 10 

2.5 10 

10 10 

6.25 20 


and Kinvin and Bridges,- mandelamine ap* 
pears to be such a drug. In order to obtain 
an additional evaluation of the drug, the ac- 
tivities of mandelamine, sulfathiazole and 
streptomycin against organisms commonly 
found in urinary tract infections were com- 
pared, and the development of resistance by 
representative organisms to all three drugs was 
studied. The findings are set forth in the 
following paragraphs. 

Experimental. The medium used throughout 
this work consisted of normal male urine ad- 
justed to pH 5.5 or 6.5 ivith phthalate and 
phosphate buffers in .03 to .06 molar concen- 
trations, respectively. The pH was deter- 
mined before and after incubation by means 
of a Coleman model 3 pH electrometer. In 
the presence of effective bacteriostasis, the 
pH did not vary by more than 0.5 pH units 
in any experiment. The inoculum ivas al- 
ways 0.1 ml of a 1:5000 dilution of an 18- 
hr. broth culture. Suitable control tubes of 
buffered and unbuffered nutrient broth, and of 
buffered urine were included in each test. If 
any of the control tubes showed no growth, 
the whole series -was discarded. Eight stock 
laboratory strains of bacteria commonly 
found in urinary tract infections were 
studied at pH 5.5 and 9 strains of or- 
ganisms recently isolated from urinary 
tract infections were studied both at pH 5.5 
and 6.5. Minimal bacteriostatic concentra- 
tions of mandelamine, sulfathiazole and strep- 
tomycin were determined by means of a serial 


= Kirwiii, T. J., and Bridges, J. P., Am. .7. Surg., 
1941, 52, 477. 

t -Wc are indebted to itiss Anna M. Kelly and 
Miss Mary T. RotMauf for fceJmiv.ai assistanee. 


2-fold dilution method. End-points were 
taken as the lowest drug concentrations at 
which no growth occurred within 72 hours. 
Bactericidal activity ivas determined by sub- 
culturing 0.25 ml from each apparently nega- 
tive tube into 5 ml of nutrient broth followed 
by examination for visible growth after 72 
hours. 

Attempts were made to induce resistance in 
6 different organisms to streptomycin, sulfa- 
thiazole and mandelamine as follows: 0.5 ml 
of an 18-hour nutrient broth culture was used 
to inoculate 5 ml of sterile urine, at pH 5. 5, in 
the presence of serial 2-fold dilutions of the 
individual drugs. After 72 hours incubation, 
0.5 ml samples were taken from the tubes con- 
taining the highest drug concentrations in 
which growth had occurred. These were trans- 
ferred into tubes containing a higher series of 
drug concentrations, and so on. Finalh^, when 
organisms had developed resistance to strepto- 
mycin or to sulfathiazole, the antibacterial 
activity of mandelamine against the resistant 
organisms w'as determined. 

Results and Discussion. The average mini- 
mal bacteriostatic and bactericidal concentra- 
tions of sulfathiazole, streptomycin and man- 
delamine at pH 5.5 against the S stock labo- 
ratory strains are shown in Table I. The re- 
sults indicate that minor differences in potency 
exist but, in general, the activities of all 3 
drugs are of the same order of magnitude. 

The data obtained at pH S.S and 6.5 with 
the 9 strains recently isolated from urinary 
tract infections are shown in Table 11. The 
results indicate that streptomycin is somewhat 
less active at pH 5.5 than at 6.5, the difference 
being related, presumably, to destruction of 
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Fig. 1. 

Variations in protlirombin (luring dicoumarol tlicrapj* as measured by 
Quick’s method (rabbit brain thromboplastin) and the Russell riper renom 
modification. Quick’s method can be correlated \rith changes in dicoumarol 
(losage, the venom mctliod cannot. 


of Quick^ and Page= were compared in seven 
patients receiving dicoumarol therapy. 

Striking differences were observed in the 
quantitative levels of prothrombin as mea- 
sured by the two methods. Fig. 1 illustrates 
graphically these variations in a white fe- 
male who was given dicoumarol orally for 
coronary occlusion. The therapeutic amounts 
of dicoumarol, including the initial dosage and 
changes in the amount of the drug, are closely 
correlated with the prothrombin levels as de- 
termined by the method of Quick, using rabbit 
brain as the thromboplastin. There is a slow 
gradual decrease in the prothrombin level as 
measured by the Russell viper method which 
cannot be correlated with the Dicoumarol 
therapy. 

Other patients e.xhibited the same differ- 
ences. One developed hematuria and it was 

■- ^.^gc, R. C., .md Russell, II. K., J. Lah. and 
Clin. .If (■(?.. lOtO, 20, 13GG. 

•t Quick, .\. .T.. J. A. .V. ID.SS, 1 10, 10.18. 


observed that the prothrombin was less than 
5% of normal bj’ the method of Quick and 
61% of normal by the Russell viper venom 
technique. The results of the two methods 
were not comparable until 4 days later. In 
all of the patients observed the prothrombin 
as determined by the method of Quick de- 
creased to the desired therapeutic levels long 
before there was a decrease by the snake 
venom method. The levels of prothrombin as 
determined bj^ the method of Quick could be 
correlated with the clinical hemorrhagic stale 
of the patients, whereas the amount of pro- 
thrombin as determined by the Russell viper 
venom method resulted in false safe levels. 
Frequently the patients received too much 
dicoumarol because of the results of the venom 
method. 

Conclusions. The quantitative values of 
prothrombin as determined by the method of 
Quick using rabbit brain thromboplastin can 
be conelated with dicoumarol therapy and 
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the drug at the lower pH. Sulfathiazole is 
approximatelj' equally active at both pH 
levels, but the threat of sulfonamide uroli- 
thiasis^ at the lower level should preclude its 
use in acidic urine. Mandelamine is more 
effective at pH 5.5 than at 6.5 but at either 
pH bactericidal concentrations are low 
enough to permit ready attainment hi vivo by 
appropriate dosing.^ In connection rvith this 
heightened activity at the lower pH values, 
it is to be noted that mandelamine is an acidi- 
fying agent, and Carroll and Allen^ "report, 
“The urine of all patients (200) in the series 
but 8 became or remained acid on the thera- 
peutic regimen without other medication or 
restriction of diet or fluid intake.” 

As shown in Table III, organisms grew in 
urine which was saturated, at pH 5.5, with 
sulfathiazole. The degree of resistance which 
can be developed is necessarily limited by this 
restricted solubility of the drug, but within 
this limitation, a 4-fold increase in resistance 
occurred after as little as 3 to 5 transfers. Re- 
sistance to streptomycin developed more 
rapidly, an increase of 24- to 100-foId being 
found after 8 to 10 transfers. In contrast to 
the foregoing, resistance to mandelamine 
either did not appear, or if it did, it appeared 
slowly and only to a limited degree; for ex- 

3 Seudi, J. y., Am. J. Mccl. Sciences, 194G, 211, 
015. 


ample, after 9 to 10 transfers there was no 
change in the susceptibility of 3 organisms, 
while with the remaining organisms there was 
onl}' a 3-fold increase in resistance. From 
the same table, it appears that sulfathiazole- 
resistant organisms displayed a slightly in- 
creased resistance to mandelamine, while the 
streptomycin-resistant bacteria did not. Fur- 
ther, it appears that mandelamine retained its 
bactericidal activity against A. acrogenes H 
and S. aureus 209, but was only bacteriostatic 
to the other 4 organisms. These preliminary 
findings, which suggest that resistance de- 
veloped against one drug may alter suscepti- 
bility to another chemically unrelated drug, 
are someivhat anomalous, and are being in- 
vestigated further. 

Summary. A comparison of mandelamine, 
streptomycin and sulfathiazole against 8 stock 
laboratory strains and 9 strains of organisms 
recently isolated from urinary tract infections 
indicates that' their activities are not widely 
different. 

In contrast to the results obtained '"’ith 
streptomycin and sulfathiazole, resistance to 
mandelamine either did not appear, or if it 
did, it appeared slowly and to a questionable 
degree in 3 organisms, while in 3 other or- 
ganisms, resistance did not appear at all. 

Organisms rendered resistant to sulfathia- 
zole or streptomycin remain susceptible to 
mandelamine. 
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Differences During Dicoumarol Therapy in the Quick and Russell 'Viper 
Venom Methods for Prothrombin Determination.* 


StOAN J. WinSON. 

(With the technical assistance of LaVonne Coxsey'.) 

.From ilie Vepariment of Medicine, University of Kansas Medical Center, Kansas City, Knns. 


We recently observed a patient with throm- 
bophlebitis and pulmonary emboli who djed 
in a state of hemorrhagic diathesis during 
dicoumarol therapy. An average daily dose 

N.itioiia) Research Council. 


of 240 mg of dicoumarol administered for 14 
day's had failed to decrease the prothrombin 
to the desired therapeutic level as measured 
by' the Russell viper venom modification*— of 
Quick’s method.^ Subsequently the methods 

1 Fullerton, H. W., Lancet, 1940, 2, 195. 
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Cardiac Arrhythshas 


clinical hemorrhagic tendencies. The levels 
of prothrombin as determined by the Russell 
viper venom modification of Quick’s method 
cannot at all times be correlated with the 
clinical state of the patient and the dicoumarol 
therapy. The control of dicoumarol therapy 
by the Russell viper venom method for pro- 


thrombin determination is a dangerous pro- 
cedure. The results may be interpreted as 
being in a safe therapeutic level of prothrom- 
bin when actually the patient may be in a 
critical potential or actual hemorrhagic condi- 
tion, this state being determined both by the 
Quick method and clinical obsenmtions. 
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Electrocardiogram-Electroencephalogram Relations in Cardiac 

Arrhythmias. 

S. J. Weinberg. 

From llie DepaJimeni of Medicine, Veteran's Administration Center, TfadswortJi General 

Hospital, Los Angeles, Calif.* 


The initiating relationship of the brain, 
and in particular of the hypothalamus, to 
cardiac arrhythmias has been established on 
both e.xperimentaE~* and clinicaF'*® grounds. 
Although a proportion and probably a major- 
ityii-i- of the arrhythmias may find their 

Published mth permission of the Cliief Med- 
ical Director, Department of Medicine and Sur- 
gery, Veteran’s Administration, who assumes no 
responsibility for opinions expressed or conclusions 
drawn by the author. 
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prime origin in intracardiac derangements, 
numerous cases of various cardiac arrhythmias 
are on record*®'^'*’^* in which the heart is 
normal. This study contains electroencephal- 
ographic data in cases of arrhythmic patients. 
The electroencephalograms (EEG) were 
taken using the hypothalamic lead. Confirm- 
atory electrocardiograms (EKG) were taken 
in each instance, e.\xept one, prior to the 
EEG. The EEG classification of Gibbs was 
used in determination of normalcy.t The 
results are summarized in the table, and 
tracings in Case 1-la are reproduced in Fig. 
1 . 

Inter-pretation. These cases may be divided 

11 Parkinson, J., and Bedford, D. E., Quart. J. 
Med., 1927, 31, 21. 

12 Parkinson, J., and Campbell, M., Quart. J. 
Med., 1928, 33, 281. 

wOrgain, C,, Wolff, H. G., and White, P., 
Arch. Int. Med., 1937, 26, 769, 

11 Stein, M. H., and Driscoll, B. E., Ann. Ini. 
Med., 1947, 20, 769, 

IS Clark, B. J., A. Kng. J. M., 1938, 210, 389. 
t The writer wishes to .acknowledge the eleetro- 
encephalograpliic interpretations kindly furnished 
by David fi. T.a}bot. 





Fio. 1. 

Imimlsos in tlio sciatic nerve of a frop;, initiated by compression of a 5 mm IcnRtli of nerve 
witli a 4.0 g ivoiglit. Itooord A sliows tlio impulses discliargcd ivlicii tlio ivciglit was first suadenly 
applied, record It after the same wciglit had been kept on tlie nerve continuously for 10 minutes. 
Timor indicates t/, seconds. 

A few larger and briefer impulses appeared during tbc first If, second nfler application of 
tlio weight, ns described in tlio text, but their oscillograph tracings were too faint for photo- 
graphic reproduction. 


nerve emphasize that stimulation ordinarily 
occurs only on the make and break of a circuit, 
wherca.s con.slanl currents do not stimulate at 
all. It is obvious, therefore, that there is a 
discrepancy between the clinical and experi- 
mental views. This may mean that the effects 
observed clinically are more than the effects 
of simple pressure stimulation or that the 
classical notions of stimulation have tended 
to minimize certain properties of nerve which 
might allow for repetitive response to steady, 
unchanging stimuli. Recent c.vpcriments have 
indeed shown that under suitable conditions 
constant electric currents may evoke a rep- 
etitive response (Erlangcr and Blair,* and 
Roscnblueth"). Moreover, very long sustained 
activity can be caused by steady chemical 
stimulation (Brink and Bronk,^ Lehman*). 

1 Erlniigcr, J., and Blair, E. .\., /tin. J, Phr/sioh, 
103C, Jl-«, 32S. 

- llo.'iciibhieth, A., Am. J. Physiot, 1941, 132, 99. 

a Itriiit:, E., Brniil;, I>. ^V., and Earraboe, M. G., 
Ann. X. r. Acml. .^ci., 19-I0, -17, 437. 

■< Ivchinan, J. E., .Im. J. Physio}., 1937, 118, G13. 


The e.\pcriments described in the present 
paper were undertaken to determine whether 
steady pressures applied to an isolated nerve 
preparation can similarly give rise to a con- 
tinuous series of nerve impulses. 

Pressure transients, that is, sudden, non- 
injurious increases or decreases in pressure, 
have been shown to initiate impulses in the 
sciatic nerve of the frog (Blair," Schmitz and 
Schaefer") whereas steady pressure of suf- 
ficient intensity will block conduction (Gas- 
ser*). It is known also that, if the nerve is 
subjected to an increased hydro-static pressure 
throughout its entire length, its e.vcitability 
will be modified (Grundfest"). To the writers’ 
knowledge, however, there has been no labor- 
atory demonstration that the application of 

.'•Blnir, II. A., .-fni. J. Physiology, 193, I, IM, 580. 

cSclimitz, tv., nnd Scliiipfer, II., Arch. {. tl. gcs. 
Physiol., 3933, 233, 7. 

~ G.isscr, 11. S., /(s.m. for T.c.scarch in Xcrvou.s 
aiul Mcatnl Discitsfs, 1033, ch. 2, p. 33. 

a Griiiidfpit, 11., Colrl .‘iyring Harbor .Symposium 
on <?imnli(n(iic Piology, 3930, l-J, 379. 
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Pkessure Stimulation of Peripheral Nerves 



I’M. 1. 

Electroencephalograms and electrocardiograms in 
a case of paroxysmal auricular fibrillation-flutter. 

A. 3-20-47. C. G-20-47 (Readmission). 

B. and D. After conversion to normal cardiac 
and encephalic rhythm, using quinidine. 

B. 5-8-47. D. 7-16-47. 

EKG— Leadll. EEG— Left. 


into 2 general groups: Those in which there 
is EKG history and physical evidence of 
myocardial damage, and those without such 
evidence. Cases 1, 2, 3, 4, and 5 fall within 
the second category. Reverse cerebral excita- 
tion is not supported by findings in cases 6, 
7 and 8. EEG abnormality in a case with a 
history of long-standing paro.xysmal arrhyth- 
mia without definite evidence of myocardial 
damage (Cases 4, 5) may or may not be 
pertinent to the cardiac arrhythmia. Experi- 
mentaP and clinicaP® demonstration of the 
variety of possible neurogenic cardiac arrhyth- 
mias does not make feasible any separation 
at this time on the basis of type of arrhyth-; 
mia. Factors not associated with the arrhyth- 
mia may cause an abnormal EEG and there- 
fore the indication that an abnormal EEG may 
accompany a central excitation causing the 
cardiac arrhythmia is gained only from Cases 
1-la, and 2. Even here it will be necessary 
to investigate the possibility of cerebral circu- 
latory insufficiency secondary to the cardiac 
arrhythmia. 

Summary. Evidence is presented to indicate 
that electroencephalographic abnormality co- 
incident -with neurogenic cardiac arrhythmia 
may disappear with restoration of normal 
cardiac rhythm. 
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Pressure Stimulation of Peripheral Nerves. 

Robert B. Aird* and Carl PfAFFjiANN.t (Introduced by D. W. Bronk.) 

From the ElSridge Eecves Johnson Foundation for Medical Physics, Vniverslty of Pennsylvania. 


Clinical experience suggests that pressure 
upon peripheral nerv'es or nerve roots is ac- 
companied by pain, as well as by alterations 
in sensation and other neurological changes. 
The radicular pains caused by neoplasms of 
the spinal canal, the root pains arising from 
herniations of the intervertebral discs and 
the pain caused by pressure on the brachial 

« University of Oaliforjiia Medical School, Sau 

Francisco. „ . 

,t Department of Psychology, Brown University. 


plexus of cervical ribs or thickened scalenus 
muscles are common examples. Pain occurs 
early and persists throughout the course of 
these conditions and has been attributed to 
the stimulating effect of the steady pressure 
against the nerve. 

On the other hand, e.xperimental physio- 
logical studies have repeatedly demonstrated 
that nerve fibers are relatively inexcitable to 
steady or even slowly changing stimuli. The 
classical studies on electrical stimulation of 
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Persistence of Streptomycin Resistance During Subcultures in Strepto- 
mycin Free Media.* 

Roderick jMurray, Clare Wilcox, and Maxwell Finland. 

From ihc TIionidiJ:c Memorial LaVoratory, Second and Fourth Medical Services, Boston City 
Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass. 


Previous studies on the persistence of strep- 
tomycin resistance in bacteria have yielded 
variable results.^'” These studies, most of 
which were done with resistant variants that 
api>eared follonung the growth of the organ- 
isms in culture media containing streptomycin, 
have indicated that the resistance of organ- 
isms usually remains essentially unchanged 
after prolonged storage in, or repeated trans- 
fers through streptomycin-free media.^'®'' In 
many instances, however, a diminution in the 
degree of resistance was demonstrated after 
varying numbers of transfers."'® On the other 
hand, an apparent increase in resistance has 
also been obser\'ed in occasional strains.® Since, 
in all probability, these studies were concerned 
with bacterial populations of varying sensi- 
tivity or resistance, the results observed neces- 
sarily reflected only the most resistant strains 
which could multiply in the streptomycin- 
containing media used in the tests for sensi- 
tivity. 

The purpose of the present study was to 
examine a group of resistant strains of various 
organisms, some obtained directly from pa- 
tients under treatment with streptomycin and 

* .tided by a grant from tlio United States 
Public Health Service. 
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Others derived iti vitro after growth in strep- 
tomycin containing media, with a view to de- 
termining whether any loss of resistance took 
place in the course of 100 serial transfers 
through streptomj'cin free broth. In this 
study due cognizance was taken of the pos- 
sibility that the final cultures might contain 
mixtures of organisms of varying sensitivity 
or resistance. 

Experimental. The 13 strains selected for 
this study and the sources of these strains are 
listed in Table I. All were highly resistant to 
streptomycin as determined by a serial dilution 
method in broth.® Two of them (Nos. 6 and 
10) were inhibited by 50,000 /ig/ml but not 
by 10,000 fig/ml and the others were not in- 
hibited by 50,000 pg/m\, the highest concen- 
tration used in these studies. Five of the 
strains (Nos. 1, 4, 7, 9 and 12) had been iso- 
lated several months earlier from patients un- 
der treatment with streptomycin; 7 (Nos. 2, 
5, 6, 8, 10, 11, and 13) were resistant strains 
derived from originall}' sensitive organisms by 
successive passage through media containing 
increasing concentrations of streptomycin", 
and strain No. 3 was isolated onR a few days 
before the present study began and was de- 
rived from the same parent strain as No. 2 
during the course of a single 24-hour exposure 
to streptomycin. All of the strains except the 
latter one had been stored on heart infusion 
agar slants for 4 months at 40°C. 

Each of the strains was checked for purity 
by first streaking on agar plates and selecting 
single colonies which were then transferred to 
brain heart infusion broth (Difeo) at pH 7.4 
and tested for streptom 3 -cin sensitivity. These 
broth cultures represented the first of the pro- 
jected 100 transfers. Subsequent transfers 

SFinl.'.na, 3r., .Murmy, ]?., lEarris, H. W., Kil- 
Jmm. L., .-ind Mc.nds, JE, J. A. JI. A., 194G, iS2, 1C. 
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steady pressure to a localized portion of a 
peripheral nerve will produce a steady dis- 
charge of impulses. The purpose of this paper 
is to report such observations on the sciatic 
nerve of the frog by means of an amplifier 
and oscillographic recording. 

Methods. The sciatic ner\'e was removed 
from the leg of a frog and placed in a moist 
chamber so that the large proximal portion 
of the nerve rested on a waxed ebonite plat- 
form. A second ebonite block fitted over this 
platform and, when in position, pressed direct- 
ly on a S mm length of the nen'e. Pressures 
were graded by loading the block with various 
weights. Nerve- impulses initiated by this 
pressure were recorded as action potentials 
in the smaller distal branches of the nerve. 

Results. When weights of from 30-50 g 
were dropped on the nerve from a height of 
2 mm, two tj^pes of response were elicited. 
At the moment of contact a transitory burst of 
fast, large action potentials was recorded. 
At the same time there was a discharge of 
slower and smaller impulses, which continued 
as long as the pressure was applied (Fig. 1). 
During this period the asynchronous discharge 
of the ner\'e showed a diminution in frequency 
analogous to “adaptation”. Some fibres would 
“adapt” completely after a few minutes, i.e., 
cease to respond, whereas others continued 
to discharge for as long as IS minutes. Ob- 
servations were terminated at the end of this 
period, at which time the activity had reached 
a fairly constant level. Gradual application 
of the weight elicited a discharge of the slower 
impulses only. When the response had at- 


tained a fairly constant level some minutes 
after application of the stimulus, further in- 
crease of pressure increased the frequency 
of discharge and occasionally brought in ad- 
ditional fibers. Withdrairal of the weight 
was followed by a gradual cessation of the 
response. 

In another series of experiments the sciatic 
nerve was freed by dissection in the thigh 
region of the frog’s leg, leaving the nerve in 
functional continuity with the spinal cord. 
The spinal canal svsls opened to expose the 
sensory and motor roots which viere then 
cut close to the cord and placed in turn on 
the recording electrodes. The dissected peri- 
pheral end of the nerve was arranged for 
pressure stimulation as in the above axperi- 
ments. With this arrangement it was possible 
to determine w'hether the impulses initiated 
by pressure were traveling in motor or sensory 
fibers. A repetition of the foregoing procedures 
showed that the prolonged response to pres- 
sure occurred only in the dorsal roots, i.e. 
sensory fibers. The sole response from the 
motor roots was the transitory burst of fast 
impulses when the stimulus was applied. The 
fact that later activity was restricted to sen- 
sory fibers may depend on the presence of 
small as well as large fibers in this category, 
while the motor nerves consist almost e.X' 
clusively of -large diameter fibers. The pro- 
longed phase of the pressure response occurs 
in fibers of small diameter as indicated by the 
relatively small amplitude and relatively 
long duration of the individual action po- 
tentials. 
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TABLE II. 

Number of Colonics Grown from 0.1 ml of a lO-o Dilution of tlic lOOtli Brotli Transfers Seeded 
in Agar Containing Graded Concentrations of Streptomycin. 


Strain 


Final concent r.ation of streptomycin, /ig/ml 


10,000 

1,000 

31C 

100 

31.0 

10 

0 

1« 

200 

202 


187 


194 

199 

O 

5G0 

ti8o 


552 


DSC 

592 

3 

345 

340 


390 


390 

357 

4 

352 

347 


3GS 


442 

370 


225 

270 


219 


240 

234 

fi 

470 

480 


478 


500 

470 

7 

245 

24G 


2G7 


280 

250 

8 

290 

289 


305 


280 

300 

9 

215 

228 


209 


247 

241 

10* 

0 

0 

0 

47 

188 

139 

120 

11* 

0 

0 

0 

0 

98 

170 

179 

12 

290 

300 


300 


200 

323 

13 

280 

285 


2C0 


304 

290 


* Average count of 4 plates for each of these strains. 


tomycin. Colony counts were made after in- 
cubation for 48 hours. 

The results are shown in Table II. Striking 
differences in the counts were noted in 2 cul- 
tures; No, 11, the strain of Pi. aeruginosa that 
was already noted to have become reduced in 
resistance by the serial dilution method in 
broth and No. 10, a strain of E. coii. These 
2 strains produced no colonics in concentra- 
tions of streptomycin greater than 31.6 and 
100 pg/ml, respectively. The remaining 11 
strains showed no significant difference be- 
tween the counts obtained in the streptomj'cin- 
free plates and in the plates containing strep- 
tomycin in concentrations up to 10,000 jug/ml. 

It rvns now of some interest to determine, 
if pos.sib!e, when in the course of the 100 
transfers the more sensitive variants made 
their appearance and became detectable in 
appreciable numbers. It was also desirable 
to determine whether larger inociila would 
bring out a greater heterogeneity within the 
culture.s of the 2 strains that had apparently 
become more sensitive. For these purposes, 
the cultures of strains 10 and II that had 
been stored on agar after the 1st, 26th, 57th 
and 75th transfer were subcultures in broth 
sa that they now represented the 3d, 28th, 
59th and 79lh transfer, respectively. The 
{irevious e.vpcriment was now repeated with 
each of the.se subcultures, using the same 
inoculum, namely, 0.1 ml of a 10-« dilution. 
In addition, the s.nme procedure was carried 


out at the same time with an inoculum of 
0.1 ml of the same cultures undiluted — that 
is, a million times as many organisms were 
seeded in the same manner. 

The results are shown in Table III. In 
(he case of Strain 11 there was a sufficient 
difference in the number of colonies that 
developed from both the large and the small 
inoculum to indicate that an appreciable 
number of more sensitive cells had already 
appeared after 28 transfers, while there can 
be no doubt that this was the case after 
59 transfers. This appears more clearly from 
the results obtained with the smaller inoculum. 
With Strain 10 there was similar evidence of 
the presence of cells of decreased resistance 
(increased sensitivity) at the S9th transfer. 

Discussion. Of the 13 cultures studied, 11 
showed no diminuition in streptomycin resist- 
ance, by the methods used, during the course 
of 100 transfers in streptomj'cin free broth. 
In the case of 2 strains, however, the evidence 
indicates that organisms appeared after serial 
subcultures which were more sensitive to 
streptomycin than those of the starting cul- 
tures. The strain of Ps. aeruginosa, No. 11, 
which had originally become resistant in vitro, 
showed no growth in a concentration of 1000 
/«g of streptomycin per ml when tested after 
100 transfers by the serial dilution method 
in broth. However, when a smaller inoculum 
was seeded in plates of agar containing graded 
concentrations of streptomycin (in this in- 
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TABLE I. 


streptomycin Sensitivities of Besistant Strains After Varying lumbers of Sabenitures in Broth. 



Strain 




Number of transfers 


No. 

Organism 

Patient 

■V 

Source* 

l" 

1 

26 

57 

75 

100 

1 

A. aerogenes 

E.P. 

a 

>50f 

>50 

>50 

>50 

>50 

2 


} 3 

b 

33 

33 

33 

3 3 

33 

3 

>> 

33 

c 

3 3 

3 3 

3 3 

33 

33 

4 

n 

A.P. 

a 

3 3 

3 3 

3 3 

33 

33 

5 


3 3 

b 

33 

3 3 

3 3 

33 

33 

6 

K. pnetmonioi 

C.M. 

b 

50 

3 3 

3 3 

33 

33 

7 

’ ’ (atypical) 

C.H. 

a 

>50 

} 3 




8 

fs i) 

3 3 

b 

33 

3 3 

3 3 



9 

E. coK 

ILK. 

a 

33 

33 

3 3 

33 

33 

10 

3 3 

3 3 

b 

50 

SO 

33 

50 

50 

11 

Fs. aeruginosa 

C.M 

b 

>50 

>50 

3 3 

5 

1 

12 

Paracolon bacillus 

W.T. 

a 

3 3 

3 3 

33 

>50 

>50 

13 

33 33 

33 

b 

33 

33 

3 3 

33 



* a Isolated from patients during streptomycin treatment.s 
b = Derived from sensitive strain after repeated subculture in increasing concentrations of strepto- 
myein.T 

c Derived from same sensitive strain as No. 2 after exposure to streptomycin for 2i hours, 
t Concentration of streptomycin, mg/ml, required for complete inhibition of growth in brain heart 
infusion broth, pH 7.4, with an inoculum of KM ml. 


were then made horn the broth cultures by 
means of a 2 mm platinum loop. The culture 
tubes each contained approximately S ml of 
the brain heart infusion broth and were incu- 
bated for a period of 24 hours prior to use. The 
transfers were made at daily intervals at first 
but, as the organisms became adapted to 
growth on the medium, it was possible to 
make the transfers more frequently and as 
many as 3 could be made in the course of 
24 hours after the 70th transfer. The cultures 
were examined at different stages of the ex- 
periment by streaking on heart infusion agar 
and on eosin-methylene blue plates in order 
to detect possible contaminants. AH cultures 
remained free of contaminating organisms 
during the course of the experiment. 

The 1st, 26th, S7th and 100th transfers 
were tested for streptom 3 Xin resistance by the 
serial dilution method in broth and the re- 
sults are shown in Table I. Sub-cultures were 
also made at these times on agar slants and 
stored at 4°C for reference. All but 1 of the 
13 cultures tested appeared to retain their 
initial streptomycin resistance through 100 
transfers in streptomycin free broth. No. 11, 
a strain of Psctidotnoms aerugmosa initially 
resistant to over 50,000 pg/ml was inhibited 
by 5000 pg/ml after 75 transfers and by 1000 
pg/ml after 100 transfers. 


Although 12 of the strains had apparently 
remained resistant throughout the experiment, 
it was not possible to say that there were not, 
in fact, some susceptible cells present which 
ivere masked by the more resistant ones under 
the conditions of the sensitivity test. If such 
were the case, the occurrence of the more sus- 
ceptible cells might be detected by doing bac- 
terial counts of a series of agar plates contain- 
ing graded concentrations of streptomycin 
and seeded with the same number of organ- 
isms. This was attempted with each of the 
organisms using the broth culture of the 100th 
transfer and streptomycin concentrations of 
10,000, 1000, 100, and 10 (ig/ml Additional 
plates containing intermediate concentrations 
of 316. and 31.6 jug/ml were included in the 
case of strains 10 and 11 which, in preliminary 
trials, showed marked changes. 

The plates were prepared by introducing 
first 1.0 ml amounts of streptomycin solutions 
containing 10 times the desired final concen- 
tration, then 0.1 ml of a 10^ dilution of the 
cultures, which e.xperience had shown would 
j'ield about 200-300 colonies in the absence of 
streptomycin, and, finally, 8.9 ml of melted 
agar. Care was taken to avoid mi.ving the or- 
ganisms with the streptomjxin before the agar 
was added. Control plates were poured with 
the same inoculum of organisms and no strep- 






Antibodies in Vitamin-Deficiency States 


137 


subcultures in broth. Evidence was obtained 
which indicated that appreciable numbers of 
streptomycin sensitive cells appeared in 2 
of these strains: in one instance after 28 


subcultures and in the other after 59 transfers. 
The 11 remaining strains appeared to retain 
their resistance. 
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Circulating Antibodies in Vitamin-Deficiency States:^ I. Pyridoxin, 
Riboflavin, and Pantothenic Acid Deficiencies.*^ 

A. E. Axelrod, B. B. Carter, R. H. McCoy, and R. Geisinger. 
(Introduced by R.. R. Mellon.) 

From the Institute of Pathology, Western Pennsylvania Hospital, and the Department of 
Chemistry, University of Pittsburgh, Pittsburgh, Pa. 


In the study of nutrition any measure of 
animal performance can be utilized for the 
evaluation of diets. Antibody production, 
the normal physiological response to an anti- 
genic stimulus, might be expected to provide 
a measure of the nutritional status of an 
experimental animal. Inasmuch as relatively 
few conclusive studies of this type are re- 
ported in the literature, the ability to form 
antibodies seems a worthy supplement to 
other measures of the role of various dietary 
factors. 

Few studies have appeared concerning the 
effect of specific vitamin B deficiencies upon 
antibody production in the rat. RuchmaM 
reported that neither riboflavin nor thiamin 
deficiencies affected antibody production. 
More recently, Stoerk and Eisen- found re- 
duced serum antibody concentrations in p}’ri- 
doxin deficiency. Stoerk, Eisen, and John® 
have reported normal serum antibody concen- 
tration in thiamin, riboflavin, and pantothenic 
acid-deficient rats. Washed sheep erythrocjles 
were employed as the antigen in these experi- 
ments. 

The present report presents data concerning 

* Supporfei! in part by a grant from Swift and 
Company, Cliiwgo, 111, 

1 Rnchnian, I., .T. Jmmunot, 1040, 53, 51. 

2 Stoerk, II. C., and Eisen, II. N., Proo. Soc. 
Exr. Eton. Mtj)., 1940, C2, SS. 

3 Stoerk, n. C., Ei.«cn, H. N., and John, 11. M., 
.1. pjp. Med., 1947, 85, 305. 


the effect of pyridoxin, pantothenic acid, and 
riboflavin deficiencies upon antibody produc- 
tion by the rat in response to human red 
blood cells as antigenic stimulus. 

Experimental. Two series of e.xperiments 
differing only in the immunization procedure 
were conducted. Male w'eanling albino rats 
of the Sprague-Dawley strain were distributed 
into groups of litter mates as indicated in 
Table I. The animals rvere housed individ- 
ually in wide-mesh screen-bottom cages and 
weighed weekljL With the exception of the 
group which received a colony diet (Arcady 
Farms) ad libitum, the animals were placed 
on a dietary regimen which consisted of a 
basal diet and additional vitamins in the 
form of a daily pill. The basal diet had the 
following percentage composition: sucrose, 
56.76; Labco “vitamin-free'’ casein, 25.00; 
salts,'* 4.00; cod liver oil, 2.00; h 3 '^drogenated 
vegetable oil, 10.00; corn oil, 2.00: choline 
chloride, 0.20; />-aminobenzoic acid, 0.01; 
/-inositol, 0.03; and 2-methyl- 1, 4-naphtho- 
quinone, 0.001. Each of the pills given to the 
two control groups supplied the following 
vitamins: thiamin, 40 riboflavin, 60 y; 
calcium pantothenate, 200 y; pyrido.xin, 50 y; 
biotin, 1 '/•, folic acid, 1 y; and nicotinic 
acid. 100 y. For the pj-ridoxin, riboflavin, 
and pantothenic acid-deficient groups, the 
appropriate vitamin ivas omitted from the ’ 

•* Jones, J. H., ami Foster, C., J. Xutrition, lOl" 
3-1, 245. ' 
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Stance about 179 organisms per 10 ml of 
agar) 98 colonies developed in the plate 
containing streptomycin in a concentration 
of 31.6 fig/wl and none grew in (he plates 
containing 100 fig or more per ml. On the 
other hand, when a much larger inoculum 
was used, namely 0.1 ml of the undiluted 
culture containing 179 million organisms, 32 
colonies were counted in the plate containing 
10,000 ftg of streptomycin per ml and larger 
numbers of colonies developed in the plates 
which contained lower concentrations of the 
antibiotic. 

The strain of E. colt, No. 10, was originally 
not quite as resistant as the other strains in 
that it was completely inhibited by 50,000 
jug/ml. The serial dilution method in broth 
did not demonstrate any diminution in resist- 
ance of this strain during 100 transfers but 
the agar pour plate method, utilizing a small 
inoculum and serial concentrations of strepto- 
mycin, gave a picture similar to that found 
with Strain 11. 

In interpreting the sensitivity tests, it 
should be borne in mind that the inoculum 
used in the serial dilution method in broth, 
as employed here, contains 0.5 ml of a 10^ 
dilution of culture, or something in the order 
of 100,000 organisms. The sensitivity indi- 
cated by this method will correspond to that 
of the most resistant cells in the inoculum, or 
possibly to that of the most resistant variants 
that emerge during the course of the test, ir- 
respective of their numbers, provided only 
that they remain viable and are capable of 
good growth in the media within the period 
of observation. If the number of resistant 
organisms be less than 1 per 100,000 cells, 
their presence might well go undetected unless 
a sufficiently large number of tubes were used. 

Both Strain 10 and Strain 11, had originally 
become resistant vitro. No loss of resistance 
was noted in any of the resistant strains 
which had been isolated directly from patients. 
The total number of strains studied, how- 
ever, is too small to permit any comparison of 
resistant strains with respect to their origin. 

Summary. Each of 13 strains of gram- 
negative bacilli that were highly resistant to 
streptomycin was passed through 100 serial 
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TABLE I. 


Summary of Gro^’th and Food Consnmption Records. 


Group 

No. of rats 

Body wt* 

Daily food 
coBsumptionl 

Initial 

Pinalt 


Series I. 




Pyridoxin-deficient 

5 

39 

129 

5.7 

Eiboflavin-deficient 

5 

39 

48 


Pantothenic aeid-deficient 

5 ■ 

41 

100 


Inanition control 

5 

39 

157 

5.7 

Control — ad libiUim 

5 

40 

329 


Colony diet 

5 

39 

286 



Series II. 




Pyridoxin-deficient 

S 

46 

134 

5.1 

Eiboflavin-deficient 

6 

42 

59 

3.2 

Pantothenic acid-deficient 

2 

45 

91 

4.0 

Inanition control 

5 

45 

161 

5.1 

Oontro} — ad libitum _ 

5 

43 

348 

11.9 

Colony diet 

5 

43 

289 

. 


* Group average in grams. 
tAt the time of bleeding. 
t Group average in grams. 


pill. The basal diet was fed ad libitum to all 
groups except the inanition controls, in which 
case the daily food intake of each rat was 
restricted to that consumed during the previ- 
ous day by its litter mate in the pyridomn- 
deficient group. In Series 11, the food con- 
sumption of the remaining animals was also 
determined as shown in Table I. 

After 7 weeks on experiment, the animals 
in the 3 vitamin-deficient groups had pla- 
teaued in weight and immunization of all 
animals was instituted. A 10^ suspension of 
washed Group O, Rh positive human erythro- 
cytes in normal saline was given intraperi- 
toneally as antigen. In Series I an initial dos- 
age of 0.5 mi of the red cell suspension was 
followed by 1 ml inoculations. In Series H, 
0.5 ml was also employed for the primary in- 
jection, but the dosage for the subsequent 
injections was 1 ml of red blood cell sus- 
pension per 100 g of body weight e.xcept that 
the maximum dosage employed was 2.0 ml. 
Inoculations were made on alternate days 
until a total of 6 injections had been given. 
Five days after the final injection the rats 
were bled under ether anesthesia and the 
serum collected. The serums were tested for 
ao’glutinin titer within 24 hours after collec- 
tion. Serial, 2-iold dilutions, begmmng with 
' a 1-5 dilution, were made with normal saline. 
1 0.2 ml sample of each dilution was incu- 
bated in 10 X 75 mm tubes at room tempera- 


ture for one hour with 0.2 ml of a 2% saline 
suspension of Group O, Rh positive cells of 
the same origin as those used for the inocu- 
lations. At the end of the hour, the tubes were 
centrifuged lightly and read using a three- 
plus titer for the endpoint. 

Results. The individual hemagglutinin 
titers are recorded in the scatter chart. It is 
evident that there was a marked diminution 
in the content of circulating antibodies in the 
pantothenic acid and pyridoxin-deficient 
groups. Thus, only one animal in each of 
these 2 groups possessed a measurable ag- 
glutinin titer. The fact that the agglutinin 
titers of the rats in the inanition control 
groups were equal to those of both the con- 
trol animals which were fed ad libitum and the 
colony diet controls indicates that the lowered 
content of circulating antibodies in the panto- 
thenic acid and pyridoxin-deficient groups 
cannot be ascribed to inanition per se. This 
is also borne out by the obsen’ation that, 
despite their poor nutritional state, the ribo- 
flavin-deficient rats possessed a higher content 
of circulating antibodies than either the panto- 
thenic acid or pyridoxin-deficient rats. The 
content of circulating antibodies in the ribo- 
flavin-deficient rats was found to be inter- 
mediate between that of the controls and that 
of the pantothenic acid and pyrido.xin- 
deficient rats. That the increased titer in the 
riboflavin-deficient group was not due to the 
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Action of Acridines on Agents of the Psittacosis-Lymphogranuloma Group* 


!Monroe D. Eaton, Alwine van Aeeen, and Anna Wiener. 

Frnm the Tirun Lahoralory of the California Stale JJcpartmcnt of Fullic Ileallh, Berkeley, 

California. 


Inhibition of psittacosis infections in mice 
by trypaflavine (3, 6-Diamino-] 0-methyl 
acridinium chloride)t when both drug and 


8 9 1 



virus were given by the intraperitoneal route 
has been reported by Mauer.' Even when 
treatment was delayed for 7 days after in- 
oculation of the virus, he observed some 
therapeutic effect. But in his e.xperiments 
trypaflavine failed to inhibit cerebral or res- 
piratory infections with psittacosis virus, ^ and 
Andrewes, King, and van den Ende- found 
that several of the amino acridines and ata- 
hrine were without effect on lymphogranuloma 
venereum virus inoculated into mice by the in- 
tracerebral or the respiratory route. Acridines 
with a nitro substituent at the 3-position in- 
hibit yolk-sac infections with several species of 
rickettsiae,"’^ and acriflavine is reported to 
be rickettsiastatic in chick embiyos when the 

* Tlic-so studies were conducted witli the support 
of the Intem.ution.il Ile.ilth Bivision of The 
Kockefcller Foundation in cooperation ivith the 
California St.ite Pepartment of Public Ucalth. 

< In dcsipiating the position of substituents in 
the acridine nucleus, ivc have used the folloiring 
system of numberinf; throughout: 

1 Jfauer, G., Zcntralhlatt Baht. AVt. Oriy., 1P3S, 
l t2, 279. 

- Andrewes, C. IT., King, II., and van den Ende, 
If., .T. Path, anrl Bart., 194.T, ~>r>, 173. 

3 Smadcl, J. E., Snyder, -I. C., Il.imilton, II. E., 
Fn.v, .7. P., and .I.ichson, E. P., Fed. Proc., 194G, 
II, 2.i4. 

< Smadcl, 3. E., Snyder, .7. C., .7ac1is«n, E. R.. 
Fox, .7. P., and Hamilton, U. E., J, Immnnol.g 
3947, o7, 133. 


dose is near the toxic level."’'* Atabrine, acri- 
flavine, and some other aminoacridines were 
inactive in mice against respiratory infections 
with rickettsiae of murine typhus'^ and at 
concentrations of 1:2,000 were not lethal to 
this rickettsia in vitro. Nitroakridin 3582, or 
3 - nitro - 6, 7 - dimethoxy - 9 - (2-hydroxy-3- 
diethylaminopropylamino) acridine, apparent- 
ly has an in vitro virucidal action or chemo- 
prophylactic effect on influenza virus of 
type B inoculated into the allantoic sac of 
chick embryos,*’ but other acridines ivere in- 
effective against influenza A in mice.* Several 
aminoacridines and atabrine are reported to 
inhibit the development of bacteriophage.’^ 
This paper will describe the action of some 
of the acridines tried by other investigators, 
and of a few new derivatives, on the viruses 
of mouse pneumonitis, cat pneumonitis, men- 
ingopneumonitis, and lymphogranuloma ven- 
ereum. 

Materials and Methods. The agent of mouse 
pneumonitis® and the JH strain of the virus 
of lymphogranuloma venereum® were obtained 
from Dr. Clara Is’igg. The cat pneumonitis*® 
virus was kindly sent to us by Dr, James A, 
Baker, and the meningopneumonitis virus,** 
of the strain Cal 10, was originally obtained 
from Dr. Thomas B. Turner. 

Experiments in chick embryos ivere per- 

3 Andrewes, C. II., King, IT., and Walker, J., 
Brit. .J. Pharm. and Chemothcrap., 1940, 1, 15. 

c Green, I?. II., Rasmu'.s' n, H. F., .Tr., and Sm.i- 
del, .T. E., Piih. Health Pep., 1940, fil, 1401, 

7 Fitzgerald, R. .7., and Babbitt, D., J. Immunol., 
1940, .12, 121. 

0 Nigg, C., and Eaton, IT. D., .7. F.rp. .Med., 1944, 
T«, 497. 

« Rake, G., :ind .Tone?, H. P., J. Fzp. 3Ied., 1942, 
457 . 

10 Baker, .7. A., .7. F.jp. Med., 1944, 70, 159. 

HFranci-!, T., .Tr., and JTagill, T, P., J. JCrp. 
Med., 393S, «8, 147, 
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higher dosage of antigen per unit of bod 3 '^ 
weight is evident from the results of Series 
II where the dosage per 100 g of body weight 
was the same for all three groups. The re- 
producibility of these observations is demon- 
strated by the close agreement between the 
results of Series I and Series II. 

Controlled hemolysin tests, using guinea 
pig. complement, were run on serums from 
Series I. Hemolysin production was consist- 
ently loAV but followed the same pattern as 
the agglutinin production. 

Discussion. A decrease in the content of 
circulating antibodies in pyrido.xin deficiency 
was reported by Stoerk and Eisen.- This work 
is confirmed in our experiments. Our results, 
however, differ from those of Stoerk, Eisen, 
and John® with regard to the effects of pan- 
tothenic acid and riboflavin deficiencies. 
While these workers observed a normal anti- 
body titer, we hgve noted a decreased titer, 
particularty in the pantothenic acid-deficient 
rats. The explanation for this difference may 
lie in the fact that Stoerk, Eisen, and John 
utilized sheep erythrocytes, whereas we em- 
ployed human red cells as the antigen. The 
immunization procedures also differed. Since 
the agglutinin titers of our normal controls 
were considerably higher than those of 
Stoerk and co-workers, it is evident that our 
immunization procedure with human ery- 
throcytes furnished a far stronger antigenic 
stimulus for aggllitinin production. Sheep ery- 
thr0C3'tes, in our, hands also, have proved to 
be a poor stimulus for hemagglutinin pro- 
duction in the rat although they are effective 
antigens for hemblysin production. It is pos- 
sible, therefore, khat pantothenic acid and 
riboflavin do not! become limiting factors for 
hemagglutinin production when the antigenic 


stimulus is of a low order of magnitude. It 
is also evident from our data that riboflavin 
is not as critical as pantothenic acid in the 
production of circulating antibodies. 

There is considerable basis for linking pyri- 
doxin and riboflavin to the processes of amino 
acid metabolism and the role of these vitamins 
in antibody production may be related to 
these functions. To our knowledge, a similar 
role of pantothenic acid in protein metabolism 
has not been suggested. The present demon- 
stration of the decreased antibody concentra- 
tion in pantothenic acid deficiency furnishes 
evidence for the participation of this vitamin 
in protein metabolism. 

As empbasiaed in the paper of Stoerk, 
Eisen, and John,® the decreased antibody 
titer in serum is not unequivocal proof for 
an impairment of antibody' symthesis in the 
tissues. The possible effect of the vitamin 
deficiency upon the processes of antibody 
distribution and destruction must also be taken 
into account before the relationship between 
vitamins and antibody’- production can be 
established. 

Summary. 1. Hemagglutinin production in 
response to inoculation with human erythro- 
cytes has been investigated in pyridoxin, 
pantothenic acid, and riboflavin-deficient rats. 
2. Severe impairment of antibody response 
rvas observed in the pantothenic acid and 
pyridoxin-deficient rats. Variable but low 
titers were observed in the riboflavin-deficient 
groups. Consistently high titers were noted 
in both the inanition controls and the ad 
libitum-ied animals. 

We are indebted to Merck and Company for tlie 
B Titamins and to the Lederle Laboratories for tiic 
synthetic folic acid employed in this study. 
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TABLE IL 


Effect of Acridines on Xolk Sac Infections with the Gat Pnenmonitis Tims in Chick Embryos. 


Drug 

Dosage 

ATortality ratios and degree 
of infection on 8th day* , 

% reduction of 

Mortality 

Heavy 

infection 

mg/egg 

Xo. 

Treated egg 

Control eggs 

Acriflavine 

.3 

2 

0/11 (l)t 

15/16 (l)t 

—100 

—91 


.3 

1 

0/9 

(2)1 


'—100 

—78 


2 

1 

0/6 

(4) 1 

8/8 

—100 

—33 


.1 

1 

8/9 

(1)J 


[- 11 

0 

Proflavine 

.3 

2 

4/5 

(1) 

6/7 (1) 

— 7 

0 

•W243 

.3 

3 

1/14 (2) 

15/18 

— 91 

— 7J 


.3 

1 

0/8 

1 

12/12 f —100 

—100 


.1 

1 

3/4 

(1)1 

1-25 

0 

•W138 

.3 

2 

7/7 


3/4 

0 

0 

■W1889 

.3 

1 

0/8 

1 


r— 100 

—100 


O 

1 

0/9 

(2) [ 

8/8 

—100 

— 78 


.1 

1 

4/8 

(1)J 


[— 30 

— 38 

Atabrine 

2.0 

1 

8/8 


8/8 

0 

0 


.5 

3 

6/9 

(2) 

6/7 

oo 

0 

A1150 

o 

• A. 

o 

8/20 (10) 

17/18 

— 38 

— 4 


* 3 to 10 LBr,) of virus in each experiment. 

tFignres in parentheses represent number of surviving eggs which were found to be heavily 
infected by subinocnlation to mice and production of pulmonary lesions involving, on the 
average, over half of the lungs. Lesion scores in mice inoculated from remainder of living eggs 
were less than 30%. 


in phj'siological saline 'which -were then auto- 
claved at 10 lb pressure for 10 minutes. 
Solutions of the remaining drugs 'U'ere steri- 
lized b}' filtration through bacteria-retaining 
fritted glass discs. WTien used in mice the 
solutions or suspensions were not sterilized. 
In the table the lethal dose is given as the 
least amount which killed more than half of 
the mice or chick emblems. The delai’ed lethal 
dose for mice is given as the daily dose in 
milligrams injected intraperitoneally on 4 
successive daj's. In chick embryos, 2 doses 
separated by an interval of 48 hours were in- 
oculated into the yolk sac. 

Results in chick embryos injected with the 
virus of cat pnaimonitis. Seven acridine de- 
rivatives -were tested in chick embryos against 
the virus of cat pneumonitis as shown in 
Table II. The results are evaluated in terms 
of mortality of the embryos by the 8th day 
after inoculation, at which time most of the 
controls were dead. In the 4th and 5th columns 
the figures in parentheses represent the num- 
ber of additional eggs in each group which 
survived •with heavy infection, as determined 


b3' the mouse test. These probablj’ would have 
died before the time of hatching. The re- 
mainder of the sundving chick embrj'os had 
little residual virus at 8 daj's or none detect- 
able bj' subinoculation of mice. 

The last 2 columns of the table show the 
percentage reduction of mortality in the 
treated eggs as compared with the controls, 
and the percentage reduction in the incidence 
of heavy infection. The formula 100 
(-l-j-T/C) is used; T represents the per- 
cent mortality in the treated eggs, and C the 
percent mortality in the controls. For estimat- 
ing the percentage reduction in heavy infec- 
tions, the figures in parentheses (columns 
4 and 5) were added to the numerator of 
each fraction and the calculations ■were again 
carried out with the formula given abov’e. 
Reductions of 40% or over are italicized, 
and are considered to be significant. 

Acriflavine and the 2 nitroacridines, W243 
and W1SS9, were effective in single doses of 
0.2 to 0.3 mg, or Ys to of the lethal dose 
for chick embyos. With the possible c.vcep- 
tion of W1889, no appreciable effect was 
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formed by inoculating dilutions containing 
between 3 and 10 LDso of egg-adapted virus, 
as determined by previous titration, into the 
yolk sacs of 6-day-old embryos and giving the 
drug by the same route 2 hours later. In 
certain experiments the injections of drug 
were repeated 48 and 96 hours after inocula- 
tion of the virus. Control eggs received an 
equivalent amount of physiological saline 
solution. The specificity of the deaths and 
the degree of viral multiplication in the yolk 
sacs of surviving embryos sacrificed on the 
8th day were determined by subinoculation 
of mice by the intranasal route with yolk sac 
suspension from individual treated and con- 
trol eggs. When the yolk sac contained little 
residual virus, the mice developed pulmonary 
lesions involving one-third or less of the lung 
tissue. Heavily infected yolk sacs killed part 
or all of the mice, and in the survivors sacri- 
ficed on the 12 th day they were found to have 
produced a 3 -plus or 4-pIus pulmonary con- 
solidation. 


In experiments in the treatment of respira- 
tory infections, mice were inoculated intra- 
nasally with dilutions of ICk® to 1(H of the 
respective mouse-adapted viruses in lung sus- 
pension, the infecting dose being adjusted by 
previous titration so that animals killed on 
the 4th day had pulmonary consolidation 
represented by a lesion score! of 20 to 35%, 
while those killed on the 6 th day had lesion 
scores of SO to 60%. Drugs were given once 
daily by the infraperitoneal route beginning 
2 hours after the inoculation of the virus.* 
Control mice received virus intranasally and 
saline intraperitoneally concurrently with the 
treated animals. 


The chemical formula, source, and toxic 
dose of the 8 acridine compounds used in 
these studies is presented in Table I. For 
treatment of chick embryos, compounds 
W243, W138, and AllSO were ground with 
a small amount of starch to make suspensions 


t The method of recording pulmonary lesion 
scores was originally used hy Horsfall.^ A lesion 
score of 10Q9i represents death with complete 
pulmonary consolidation. In surviving 
represents, on tlie average, 4+ consolidation; 60/o, 
3-f ; 40%, 2-f-; and 20%, 1+. 
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TABLE IV. 


Action of Acridines on the Viruses of ATonse Pneumonitis, Lymphogranuloma Venereum, and Aleningo- 

pneumonitis in Alice and Chick Embryos. 


Drug 

Alrus 

(IOLD50) 

Results in cluck embryos* 

Results in micet 

Dose,* 

mg 

No. 

tested 

%, 

cliangc 

Dose, 

mg 

No. 

tested 

\ 

97 

change 

Acriflavine 

Alonse Pu. 

0.3 

1C 

— 35 


40 

-flO 


LGA- 

J J 

6 

—100 

77 

24 

-^0 


AIcningopn. 

7 7 

19 

— SG 

7 7 

24 

—14 

AV243 

Alouse Pn. 

77 

20 

— 16 

0.4 

31 

-kl9 


LGT 

0.2 

13 

— 54 

7 7 

2S 

-f 6 


Aleningopn. 

77 

16 

— G7 

7 7 

2' 

— 6 

WISSO 

Mouse Pn. 

77 

10 

— 70 

0.3 

24 

—IS 


LGV 

7 7 

9 

— S7 

77 

24 

— 16 


Aleningopn. 

7 7 

0 

— S9 

77 

24 

— 40 


* Drug given to chick embrj'os 2 and 4S hours after virus. Results expressed as reduction of incidence 
of heary yolk sac infection in embryos harvested at S days ivhen 75 to 100% of control embryos were 
he.avily infected (see Table II). 

t Alice received drug daily as in Table III. Results averaged for groups killed at 4 and C days, ex- 
pressed as percentage reduction or increase in lesion scores of treated mice as compared with controls. 


creum, and meningopneumonith in chick em- 
bryos and mice. A summary of the results 
of preliminary experiments xvith 3 other 
viruses of the group is presented in Table IV. 
The drugs most effective against the cat 
pneumonitis virus, acriflavine and the nitro- 
acridines \V243 and IV1SS9, mere used in 
amounts and dosage schedules comparable 
to those listed in Tables II and III. In chick 
embryos, all 3 drugs definitelv inhibited the 
growth of the viruses of h'mphogranuloma 
venereum and meningopneumonitis, the ef- 
fects being similar to those obtained with the 
agent of feline pneumonitis when expressed 
as reduction in incidence of heavy infection 
(see last column of Table II). .‘^gainst the 
virus of mouse pneumonitis acriflavine gave 
results which were just below the level of sig- 
nificance and AV243 showed no therapeutic 
activity. In other e.xperiments not included 
in Table IV, retarded growtli of this virus 
in embryos treated with acriflavine or ■\V243 
was observed when the yolk sacs were har- 
vested at 5 daj's. The other nitroacridine 
(V’18S9) caused more definite inhibition of 
the growth of the mouse pneumonitis virus in 
chick embrj’os. 

In mice the inhibition of respiratory- in- 
fections with the 3 viruses mentioned above 
was less striking than that occurring in in- 
fections with the cat pneumonitis virus. None 
of the drugs produced appreciable reduction 
in the pulmonary consolidation resulting from 


the mouse pneumonitis virus. With one nitro- 
acridine, W18S9, results of borderline sig- 
nificance were obtained in tests against the 
viruses of lymphogranuloma venereum and 
meningopneumonitis, but the other nitro- 
acridine, W243, had no effect on these 2 
viruses in the Jungs of mice. Acriflavine 
showed questionable activity against pul- 
monary infections with the virus of lympho- 
granuloma venereum and none against the 
agent of meningopneumonitis. 

Hiscnssioft. The results of these experi- 
ments suggest that replacement of the NOo 
group at the 3-position on the acridine nucleus 
by Cl results in loss, or marked diminution, 
of the inhibitory action against the virus of 
feline pneumonitis. Since the relatively simple 
compound 3-nitro-9-aminoacridine had some 
inhibitory action in chick embryos, it seems 
that the other substituents such as the 6- or 
7- metho.xy groups and the 9-dialkylamino- 
alkylamino side chain are not absolutely- es- 
sential to the antiviral activity. The possible 
role of the side chain at the 9- position must 
be investigated further, because the com- 
pounds with this substituent seemed to be 
somewhat more active on weight basis than 
the simple 3-nitro-9-aminoacridme. Also, 
the preliminary results in Table IV suggest 
a slightly wider range of activity for the com- 
pound with the 9-(2-hydroxy-3-diethvlamino- 
propylamino) substituent (W1SS9) as com- 
pared with the 9-(2-phenyl-4-diethylamino- 
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Acridines and the Psittacosis Group 


TABLE HI. 


Effect of Acridines on Bespiratory Infection with Cat Pneumonitis Vims in Mice. 


Drug 

Daily drug dosage 

jng/mouse No. 


Mice 

Pnlinonarj" lesion 
scores in % 

%t reduction 
in pulmonary 
consolidation 

No. 

Day 

killed 

Treated 

mice* 

Controls 

Acriflavine 

0.2 

4 

19 

4 

21 

37 

—45 



0 

19 

6 

52 

57 

— 9 

Proflavine 

3 3 

4 

18 

4 

34 

37 

— 8 



0 

19 

6 

57 

0/ 

0 

W243 

0.4 

4 

.39 

4 

0.5 

32 

—70 



5 

23 

6 

27 

oC 

—52 

W138 

0.5 

4 

16 

4 

36 

42 

—14 



5 

8 

6 

60 

67 

—10 

■ W1889 

0.4 

4 

12 

4 

2.5 

24 

—90 



0 

30 

6 

5.0 

56 

—91 

WIO 

0.5 

5 

22 

6 

44 

48 

— S . 

A1150 

0.2 

4 

26 

4 

21 

23 

— 9 



5 

12 

6 

47 

50 

— 0 

Penicillin G 

7 . 9 { 

4 

18 

4 

8.9 

32 

—72 


* Dilutions of virus 2 X 10-3 to 5 X 10-t inoculated intranasallj-. 


1 100 (—1 + T/C). 

I 1520 units of penicillin G per mg or 


12,000 units per d.ay given in 3 doses daily. 


found with doses of 0.1 mg of these substances. 
In other preliminary experiments, some in- 
hibitory effects were observed with the 3 
drugs even when treatment was dela 3 ^ed for 
24 or 48 hours after inoculation of the virus. 
The 3-nitro-9-aminoacridine, All 50, which 
differs from the others in having no side chain 
and no methoxy groups (see Table I) caused 
some reduction in the mortality, but was 
much less inhibitory than the other 3 drugs 
when given in equivalent dosage. Proflavine, 
in contrast to acriflavine, failed to influence 
the mortality of embryos infected with the 
cat pneumonitis virus under the conditions of 
these experiments. A slight inhibitory effect 
of proflavine on virus growth was demon- 
strable when the chick embryos were sacri- 
ficed 5 days after inoculation and the yolk 
sacs tested in mice. (The results of this test 
are not included in Table II.) The two 
acridines, W138 and atabrine, differ from 
W243 and W1889, respectively, by the pres- 
ence of a single methoxy group and the sub- 
stitution of a chlorine atom for the 3-nitro 
group. As may be seen in Table 11, these 2 
chloroacridines had no effect on the virus of 
cat pneumonitis in chick embryos when given 
in amounts considerably larger than the thera- 
peutic dose of the corresponding nitroacri- 

^'Tcsults in mice with cat pneumonitis virus. 


Mice inoculated by the intranasal route with 
the virus of feline pneumonitis were given 
daily doses of the acridine compounds in 
amounts representing to ^ of the toxic 
dose. The results are presented in Table III. 
The 3-nitroacridines (W243 and W1889) 
which were most effective in chick embryos 
also caused a significant reduction in the 
pulmonary consolidation of the mice, while 
the closelj’’ related 3-chloroacridines (W13S 
and WIO) were inactive, Acriflavine, pro- 
flavine, and 3-nitro-9-aminoacridine (A1150) 
were about twice as toxic for mice as the 
other drugs and were, therefore, -used in half 
the amount. The result with acriflavine in 
mice sacrificed 4 days after- inoculation was 
of borderline significance, and the other com- 
pounds had no effect at the maximum tol- 
erated dosage. 

For comparison, a group of mice infected 
Avith the same virus received 12,000 units of 
pienicillin per day divided into 3 doses of 
4,(X)0 units each and given at intervals of 
7, 7, and 10 hours. The resulting inhibition 
of pulmonary consolidation in the mice was 
the same or slightly less than that caused by 
the nitroacridines. It should be noted that the 
acute lethal dose of the crystalline penicillin 
G used in these e.xperiments was greater than 
50,000 units. 

Mouse pneumonitis, lymphogranuloma ven- 
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of U-phus fwer ricketlsiae at least, is com- 
plete is shown by its activity both hi vitro 
and in vivo. In vitro it is active as a comple- 
ment fixation test antigen^ and a precipitin 
test antigen, ° and in vivo it is able to immuniae 
guinea pigs against the disease^ with the 
formation of antibodies demonstrable in the 
complement fixation test,^ neutraliaation and 
precipitin tests,® B\’ the use of the electron 
microscopye, it has been demonstrated that the 
antigen probably arises from a capsule-like 
structure on the surface of the organism, and 
that it e.xists as a suspension of submicro- 
scopic particles of the capsular substance." 

When purified suspensions of rickettsiae 
were prepared without the use of ether and 
subsequently shaken with ether^® little soluble 
antigen could be demonstrated. MTien a nor- 
mal yolk sac suspension was added to the 
purified rickettsiae, soluble antigen was re- 
leased with ether. Further e.xperiments are 
presented here to show that some component 
of egg yolk plays a part in facilitating the 
release of the soluble antigen from rickettsiae 
by ether treatment at room temperature. 

The rickettsial suspensions used in these 
e.xperiments were prepared from infected yolk 
sacs of chicken embiyos. B}' differential cen- 
trifugation efforts were made to remove some 
of the yolk sac tissues and soluble proteins. 
The rickettsiae were finally suspended in a 
limited quantiW of saline or distilled water 
containing 0.1% formalin. In the antigen re- 
lease e.xperiments generally 0.2 ml of the 
rickettsial suspension was mixed with 0.6 ml 
of diluent, either the universal buffer of 

~ Plotz, H., Reagan, R. L., and 'Wcrtman, K., 
Peoc. Soc. Exp. Biol, asd Ifm., 1944, 55, 173, 

3 Hncbncr, R. J., Stamps, P., and Armstrong, C., 
Fui. Health Jlcp., 194G, Cl, 1C05. 

4 Hncbner, R. J,, Jettison, "W, L., and Pomerantz, 
C., Pub. Health Pep., 1940, Cl, 1077. 

5 Shepard, C. C., and Topping, N. H., Xai. Jnst. 
Health Pull., .Vo. 1E3, Goremment Printing Office, 
■Washington, 1945, p. S7. 

c Slicpard, C. C., Hat. Inei. Health Pull. Xo. ISS, 
Government Printing Office. 'Washington, 1945 
p. 93. ' 

I Shepard, C. C., .and Wvchotr, R. W. G., Pub. 
Health Pep., 1940, Cl, 701. 



1 ttlctcell.siiu wore Hediinontod two times mid rosnspomled in dlatillod wntor. 
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butylamino) group (W243). 

It remains to be seen whether acriflavine 
acts in the same manner as the nitroacridines. 
The active constituent of acriflavine seems 
to be the 10-methyl acridinium chloride (see 
Mauer^). Proflavine, which is the sulphuric 
acid salt without the 10-methyl group, was 
much less inhibitory for the feline pneumon- 
itis agent in chick embryos. Its activity against 
other viruses of the group is under investiga- 
tion. 

The relative resistance of the mouse pneu- 
monitis virus to acriflavine and to one of the 
nitroacridines is surprising in view of the 
high sensitivity of this agent to penicillin*^-^^ 
and sulfonamides.^® The feline pneumonitis 
and meningopneumonitis viruses which are, 
on the other hand, relatively resistant to pen- 
icillin and are not affected in mice or chick 
embryos by sulfonamides are quite readily 
inhibited in chick embryos by acriflavine and 
the nitroacridines. The observed differences 
in the chemotherapeutic spectrum for peni- 
cillin, sulfonamides, and acridines suggest 
interesting variations in the enzymatic or 
metabolic constitution of the agents of the 
psittacosis-lymphogranuloma group. The 3 
classes of substances probably act on 3 differ- 
ent constituents of the viruses under con- 

12 Horsfall, F. L., Jr., J. Med., 1939, 70, 
209. 

13 Meiklejohn, G., Wagner, J. C., and Bev- 
eridge, G. W., J. Immunol., 1946, 54, 1. 

14 Eaton, M. D., Bozois, T. F., van Allen, A., 
Parish, T. L., and Sclnvalin, S., J. Immunol., in 
press. 

15 Eaton, ai. D., and Hanford, V. L., Pnoc. Soc. 
Exp. Biol, and Med., 1945, 59, 63. 


sideration. 

The results in mice tended to parallel those 
in chick embryos, but on a lower scale of 
activity so that less conclusive results were 
obtained. Effective inhibition of respiratory 
infections was observed only with the 2 nitro- 
acridines against the cat pneumonitis agent, 
but these 2 substances were, on a weight basis, 
more effective than penicillin against this 
virus. Because of the high toxicity of acridines 
and their failure to show general activity 
against the psittacosis-lymphogranuloma 
group in mice, no claim for their therapeutic 
usefulness can be made at the present time. 

Sjtmmary. Acriflavine; 3-nitro-6, 7-di- 
metho.xy 9 - (2-phenyI-4-diethylaminobutyl- 
amino) acridine; and 3-nitro-6, 7-dimethoxy 
9 - (2-hydroxy - 3-diethylaminopropylamino) 
acridine inhibited yolk sac infections of chick 
embryos with the agents of feline pneumonib's, 
lymphogranuloma venereum, and meningo- 
pneumonitis. The first two compounds were 
less active against the virus of mouse pneu- 
monitis, but the last-named inhibited this 
agent in chick embryos. 

Proflavine, atabrine, and drugs closely re- 
lated to the above-mentioned nitroacridines, 
except for substitution of Cl for NO 2 , had no 
significant inhibitory action. 3-nitro-9-amino- 
acridine was intermediate in its effect. 

Respiratory infections in mice caused by 
the agent of feline pneumonitis were retarded 
by the two nitroacridines, but these drugs 
showed slight or no effect in mice against 
intranasal infection with the agents of mouse 
pneumonitis, lymphogranuloma venereum, and 
meningopneumonib's. 
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Effect of Egg Yolk on Release of Antigen from Rickettsiae. 

G. A. Hottle and C. C. Shepard. (Introduced by Charles Armstrong.) 
From Division of Infectious Diseases, National Institute of Dealth, Bethcsda, Md. 


The existence of a soluble antigen^ which is 
eleased on treatment of certain rickettsiae 
vith ether has been well established wi^ 
espect to Rickettsia prowaeekt, R. nckcUsis,- 


and R. akari.^'* That this antigen, in the case 


X Topping, N. H., and Shear, M. J., Fub. Ncalth 
Sep., 1944, 59, 1671. 
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X. . 3 ftT \ 31 

Effects on Benal Function of Adrenaline, TetraethTlammoiuum, and Isnprel. 


Dog 

Per. 

cc 2 )er 

min FF E 

B P 
mm Hg 

Pulse 

Duration 

min 

f 

4-9 

1-2 

208 

02.0 0.30 0.27 

149 

no 

20 

Utg 

3-4 

198 

Adrenaline 0.1 cc 1/1000 i.v. 
63.7 0.32 0.29 

152 

130 

20 


5-6 

254 

Et.N 2 cc 10% i.v. 

69 0.27 0.18 

129 

135 

20 



103 

Adrenaline 0.1 ce 1/1000 i.v. 
51 0.31 0.39 

161 

100 

10 


8 

197 

GO 0.30 0.22 

128 

112 

10 

6-3 

1-2 

178 

46 0.20 0.24 

141 

98 

20 

ISbg 

3-4 

130 

Adrenaline 0.1 cc 1/1000 i.v. 
47.4 0.36 0.31 

140 

100 

20 


5-6 

145 

Et.jig 2 cc 10% i-v. 

40.4 0.28 0.27 

134 

130 

20 


7-8 

111 

Adrenaline 0.1 cc 1/1000 i.v. 
32.5 0.29 0.46 

158 

84 

IS 

4r9 

1-2 

149 

30 0.37 0.32 

149 

110 

20 

14 kg 

3 

144 

^^IsupreP’ 0.2 cc 1/1000 i.v, 
58 0.40 0.29 

150 

145 

10 


4 

175 

58 0.33 0.20 

123 

150 

31 


5 

109 

40 0.24 0.29 

147 

120 

20 


6 

170 

Et 4 N 2 cc 10% i.v. 

63 0.31 0.28 

147 

140 

30 


7 

129 

49 0.38 0.33 

140 

130 

20 


8 

08 

“Isuprel” 0.2 cc 1/1000 i.v. 
24 0.35 0.17 

S3 

148 

15 


9 

278 

46 0.31 0.10 

80 

170 

20 


10 

251 

46 0.34 0.19 

107 

172 

12 

3-7 

1-3 

218 

74 0.34 0.21 

135 

55 

30 

12 kg 

4-5 

202 

“Isuprel” 0.1 cc 1/1000 

01 0.30 0.19 


so 

CJ 


6-7 

230 

EtjN 2 cc 10% i.v. 

58 0.25 0.14 

114 

128 

30 


S 

223 

“Isuprel” 0.1 cc 1/1000 i.v. 
03 0.28 0.10 

93 

140 

20 


9 

231 

OS 0.29 0.20 

130 

112 

20 


Dog number and body weight are indicated in the left hand column. Per. = intervals of 
urine collection. Cp^jj = plasma clearance of p-aminohippurate. = plasma clearance of 
creatinine. FF = filtration fraction (Cpp/Cp^,j). K = renal resistance as sum of and Ep, 
calculated by the method of Lamport. B.P. average of arterial pressure during the time of 
the observation. Pulse = average of pulse rate during time of observation. Duration of 
the observation is indicated in minutes. 


this and similar compounds resembles that 
posited for svTnpathin I, since nianj' of its 
effects contrast with those of adrenaline and 
with those credited to sympathin E. Since 
adrenaline is a renal vasoconstrictor, it seemed 
likely that ‘Isuprel’ nuVht be a renal vaso- 
dilator. One of the purposes of this report is 
to describe the effect of injection of “Isuprel” 
on the renal circulation. 

.Another aspect rests on the obsen’ation 
of Page and Taylor- that the effect on arterial 

- Page, I. H., nnd T.iylor, E. D., Science, 1947, 
lOo, C22. 


pressure of adrenaline and other pressor drugs 
is increased by pre-treatment with tetraethyl- 
ammonium (EUN). We demonstrate below 
that potentiation of the action of adrenaline 
by pre-treatment with EtiN is reflected in 
renal circulation as well as arterial pressure 
and (b) that the depressor, cardiac accelerator 
and renal vasodilator propierties of “Isuprel” 
are similarly increased. 

Procedures. Si.v e.xperiments were done, 3 
each with adrenaline and Tsuprel’, on trained 
conscious dogs. In these renal plasma clear- 
ances of p-aminohippurate and creatinine 
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MichaeJis® or the same buffer containing 
2.5% of normal yolk from fresh chicken eggs. 
To each mi.vture were added 1.5 m) of anaes- 
thetic ether. The two phases were then shaken 
together vigorously 30 times. The aqueous 
layer was drawn off, freed of ether with vac- 
uum and centrifuged at 4000 r.p.m. for one 
hour to sediment the rickettsiae. The super- 
natants were tested for antigen content by 
the complement fixation test® using 4 units of 
homologous convalescent guinea pig serum. 
The results of the tests with five species of 
rickettsiae are shown in the table. 

The readings in the table show that in the 
presence of 2.5% yolk higher titers were ob- 
tained with R. prowazeki, R. inooseri, R. akari, 
and R. rickettsii. With R. biirneti no soluble 
antigen could be detected. 

When normal yolk was diluted 10 times 
with 0.85% sodium chloride solution and e.x- 
tracted with 2 volumes of ether, it was found 
that the water soluble constituents in the 
aqueous layer had the same degree of activity 
in releasing soluble antigen from rickettsiae as 
the original yolk. 

Although it will be noted that some anti- 
gen was released without the addition of yolk, 
such release may have been due to the amount 
of yolk remaining with the preparation of 
rickettsiae, since the more carefully purified 

8 Michaelis, L., Biocliem. Z,, 1931, S34, 139. 

9 BengtsoJi, I. A., Fuh. ScaWi Jtep., 1944, 59, 
402. 


Breinl and Wilmington suspensio.ns showed 
little release except when yolk was added. 
It has been noted that the increase in titer 
obtained bj’' adding yolk is variable unless 
the rickettsiae are carefully washed. Yolk 
sacs are known to carry more or less yolk 
after harvest and it is evident that the amount 
of adherent yolk can effect the complement 
fixation titer of an ether extracted antigen. 
For consistent results it has been found ad- 
vantageous to add 5 or 10% normal egg yolk 
to all method I and method 11 antigens*^ for 
use in complement fixation tests. 

In the preparation of Rocky hlountain 
spotted fever antigens by method I or 
the addition of yolk is especially valuable^® 
since the growth of R. rickettsii in yolk sacs 
is poor, and antigen release is frequently not 
marked. 

Summary. The addition of as little as 2.5% 
egg yolk to suspensions of yolk sacs infected 
with the rickettsiae of epidemic and endemic 
typhus fever. Rocky hlountain spotted fever, 
and rickettsialpox (R. prowazeki, R. mooscri, 
R. rickettsii, and R. akari) prior to treatment 
with ether has resulted in antigens with en- 
hanced titers as measured by the complement 
fixation test. 

lOSUcpard, C. 0., and Topping, N. H., J. In- 
mnnot., 19A7, 55, 97. 

11 Topping, N. H., and Shepard, C. G., TtOi. 
Sealth Hep., 1946, 61, 701. 
la Unpublished experiments. 
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■Renal Hemodynamic Effects of Adrenaline and “Isuprel”; Potentiation 
of Effects of Both Drugs by Tetraethylammonium. 


A. C. Corcoran and Irvine H. Page. 

From the Fesearc7i division of the Cleveland Clinic Foundation, Cleveland, Ohio. 


Vasodepressor drugs have been prepared 
vhich are built on the chemical nucleus of 
wmpatheticomimetic compounds. The phar- 
nacological properties of one of these, 
V-isopropyl homologue of adrenaline, called 
Tsuprel” (i-(3S4i-dihydro.xj'phenyl)-2-iso- 


propylaminoethanol hydrochloride) have been 
described by Lands and his colleagues.* The 
suggestion has been made that the -activity of 

1 Lands, A. M., Nash, V. L., ifcCarttiT, H. SI., 
Grainger, H. E., and Dertinger, B. L., J. Pharm. 
Exp. Thcrap., 3947, 89, 110. 



Pharmacology of Dibenajhne 


151 


lerial pressure and renal resistance in 2 of 3 
■experiments. A second injection of “Isuprel” 
resulted in hypotension, tachycardia and de- 
creased renal resistance which were greater in 
extent and duration than the effects observed 
before injection of Et^N. In the anesthetized 
•dog, the vasodepressor effect of “Isuprel” is 
shown to be increased by injection of EtjN. 
The augmentation is demonstrable at S but not 
at 30 minutes after injection of EtiN. The re- 
active pressor effect of “Isuprel” after injec- 
tion of Et^N was observed in other experi- 
ments on anesthetized dogs. 

Comment and Summary. The increased 
pressor responsiveness to adrenaline caused 
hy injection of Et^N is shown to be associated 
with an increase in renal vasoconstriction. 
The depressor response to injection of “Isu- 
prel,” the N-isopropyl homologue of adrena- 


line, is shown to be associated with renal 
vasodilation. The depressor, cardioaccelerator 
and renal vasodilator effects of injection of 
“Isuprel” are augmented by prior injection of 
tetraethylammonium. On the assumption that 
the effects of tetraethylammonium are due 
to blocking of autonomic ganglia,^ we conclude 
that inhibition of these ganglia increases 
vascular responsiveness to typical vasocon- 
strictor and vasodilator sympatheticomimetics. 

We actcnowledge the donation of “Isuprel” 
liydrocliloride by Dr. Earl Burbidge, Frederick 
Stearns Co., Inc.; of tetraethylammonium chloride 
(“Eatmon”) by Dr. E. C. Vonder Heide, Parke, 
Davis and Co., Inc.; of p-aminohippurate by Drs. 
Karl Beyer and W. Boger, Sharp and Dohme, Inc., 
and the skillful assistance of William West. 

■i Acheson, G. H., and Moe, G. K., J. Pharm. Exp. 
Thcrap,, 1945, 84, 189. 
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Pharmacology of Dibenzyl-yS-Ghloroethylamine Hydrochloride 

(Dibenamine).*' 

G. R. De Vleeschhouwer. (Introduced bj' C. Heymans) . 

From ilic J. F. Eepmans Institute of Pharmacology, University of Ghent, Belgium. ■ 


Recently Nickerson, Goodman and 
Smith,^’-’^ Raab and Humphreys,* Acheson 
and co-workers,® Haimovici® reported their 
experiments with dibenzyl-j3-chloroethyla- 
mine hydrochloride (dibenamine). 

We wished to investigate further the phar- 

* This investigation was made with the assistance 
of grants from the Ella Sachs Plotz Foundation, 
INow York. 

1 Nickerson, M., and Goodman, L. S., Fed. Proc., 
194C, 5, 194. 

- Nickerson, M., Smith, S. M., and Goodman, 
Jj. S., Fed. Proc., 194G, o, 195. 

3 Nickerson, M., and Goodman, L. S., J. Pharm. 
Exp. Thcrap., 1947, SO, 1C7. 

■tllaab, W., and Humphreys, K. J., J. Pharm. 
Exp. Thcrap., 1940, 88, 208. 

3 Acheson, G. H., and co-workers. Fed. Proc., 
1947, 0, 305. 

CHnimovici, II., Proc. Soc. Exr. Biol. .\xd 
AIed., 1947, 04, 480. 


macology of dibenamine and the mechanism 
of transmission of sj^mpathetic nerve im- 
pulses. 

Methods. The experiments have been car- 
ried out on dogs under chloralosane anesthe- 
sia. The blood pressure was registered from 
a femoral artery. In some e.xperiments the 
peripheral vasomotor reactions were recorded 
by means of the 3-manometers-method." 

Results. I. Effeets of Dibenamine on blood 
pressure and heart rate. Dibenamine, from 
1 to 5 mg /kg, does not induce a noticeable 
change in blood pressure, nor any variations 
of heart rate. Doses of 10 to IS mg/kg pro- 
duce a slight and transient htpotension, but 
no direct change of heart rate. Subsequent 
injections of dibenamine do not produce the 
some hj^potension. A primarj’, slight increase 

"Nolf, P., Bull. Acad. Boy, Bclg., 1902, p. 895. 
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were determined. The plasma clearance of 
p-aminohippurate is taken as equivalent to 
renal plasma flow and the plasma clearance 
of creatinine as equivalent to the rate of 
glomerular filtration. Femoral arterial pres- 
sure was measured from a mercury manometer 
and inlying needle. Each experiment con- 
sisted of (a) 2 or 3 control periods of clear- 
ance measurement; (b) observations after 
intravenous infusion of small doses of either 
adrenalin or “Isuprel”; (c) observations after 
infusion of EtiN and (d) observations after 
a second injection of either of the 2 sym- 
patheticomimetics. One experiment was done 
in a dog anesthetized with pentobarbital. In 
this only "Isuprel” and Et 4 N were injected. 

Results. Observations in 2 experiments on 
conscious dogs in which adrenaline and EtiN 
were injected and in 2 in which "Isuprel” and 
Et 4 N were tested are summarized in Table 




Fio. 1. 

Graphic suninjary of 2 experiments, ^pah “ 
renal plasma clearance of p-aminohippurate. 
C r = plasma or creatinine clearance. B. P. mm 

.arterial pressure and is shomn from reputed 

observations of femoral arterial pressure, B = 
renalxcsistancc, and, for convemence, is shoim 
times 100 The experiment on the left nas done 
^ dog No. 4-9, body ^s■eight M hg and corre- 
sponds^ to the first experiment in Table 1. The 
^eriment on the right was done on dog No. 3 7 
Sd Toreesponds to the last experiment in T.able I. 


FlO. 2. 

Effect on arterial pressure of injection of 
"Isuprel” and Et 4 N in an anesthetized dog, of 
10.7 Sg body weight. At 1 there was injected 0.2 
cc of 1/20,000 "Isuprel.” At 2 the animal yas 
given intravenously 10 mg of tetraethybrnmoniuni 
chloride per hg body weight. At 3 the dose of 
"Isuprel” was repeated. At 4, 30 minutes after 
injection of tetraethylammonium, the same dose 
of "Isuprel” was again injected. 

I. The course of one experiment of each type 
is shown graphically in Fig. 1. Fig. 2 demon- 
strates the effect on arterial pressure of in- 
jections of “Isuprel” £ 14 ^ in the anesthetized 
dog. 

Adrenaline. The first injection of adrenaline 
caused a slight, transient increase of arterial 
pressure with some increase in renal vascular 
resistance as calculated by the method of 
Lamport.® Injection of EtiN slightly de- 
creased renal resistance and arterial pressure 
in 2 of the 3 experiments, A second injection 
of adrenaline 20 minutes after injection of 
Et 4 N resulted in increases of arterial pressure 
and renal vascular resistance which were 
much greater than the responses to the first 
injection. 

"Isuprel.” The first injection caused tran- 
sient hypotension and tachycardia and a 
modest decrease in renal resistance. Injection 
of ELiN caused again slightly decreased ar- 

3 1/amport, H., /. Clin. Invest., 1943, 22, 461. 
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Mitoses in the Livers of Rats Treated with Thiourea. 

M. Rachmilewitz, A. Rosin, and L. Doljanski. 

From the Department of Experimental Pathology, The Uehrew University, and the Pothschild 
JSadassah University Hospital, Jerusalem, Palestine. 


The purpose of the present communication 
is to report the remarkable effect of large 
doses of thiourea on the liver of rats. This 
effect is manifested by the appearance of nu- 
merous mitoses, in the liver cells. 

Material and Methods. Thirty-six jmung 
male albino rats, weighing between 70 and 
100 g were used in these experiments. Four- 
tenths of a gram of thiourea in a 10% aqueous 
solution was injected by the intraperitoneal 
route at daily intervals. Six rats died a few 
hours after the first injection, 3 succumbed 
after the second and 8 after the third. Fifteen 
rats survived 3 injections and were sacrificed 
2 to 12 hours after the last injection. Of the 
remaining 4 rats 3 were sacrificed after 4, 
and 1 after 7 injections. 

The livers were fi.xed in Carnoy’s fluid or 
in Zenker’s solution. Paraffin-celloidin sec- 
tions Sp in thickness were stained with hema- 
tox\'lin-eosin or with Heidenhain’s hematoxy- 
lin. 

Results. In the 23 rats which succumbed 
or which were sacrificed after 3 daily injec- 
tions of thiourea, the gross appearance of the 
livers was normal. Microscopically, there 
was central congestion of the sinusoids and 
slight to moderate vacuolization of the liver 
cells in the central parts of the lobule, as well 
as slight alterations in the lining of the cen- 
tral vein. The outstanding feature was the 
presence of all stages of mitotic figures in the 
liver cells (Fig. 1). !Mitoses were found in 
all animals receiving this treatment, but there 
were variations in the number of mitoses from 
rat to rat. In 22% of the treated rats the 
number of mitoses was extremely high (12 
to IS mitoses in each microscopic field);* in 
26% they were numerous (6 to 12 mitoses 

* Tlic mitotic count.s were made in microscopic 
fields of 0.1 nun di.amefor. 


in each microscopic field); a moderate num- 
ber of mitoses was present in 35% of the ani- 
mals (1 to 6 mitoses in each microscopic field) 
and in 17% of the treated rats the number 
of mitoses was small (one mitosis being found 
in 1 to 3 microscopic fields). 

The configuration of the mitoses was in 
most cases completely normal and the dif- 
ferent phases of the mitotic processes were 
encountered in the usual proportions. In a 
number of livers abnormal mitotic figures 
were found in moderate or appreciable num- 
bers. The pathological mitoses tvere char- 
acterized by clumping or scattering of the 
chromosomes. In some experiments mitosis 
with widely scattered chomosomes was the 
only type encountered. At the result of chro- 
mosomal scattering, liver cells with bizarre 
nuclear structures appeared at times: some 
loaded with minute nuclei and others with 
single or multiple large, lobated nuclei. The 
multinuclear liver cells were often e.xception- 
ally large. 

In rats which died or were sacrificed within 
24 to 31 hours after the first injection no mi- 
toses were found in the liver cells. After 4 
injections, i.c., 72 to 96 hours after the start 
of the e.xperiment, the number of mitoses was 
considerably' lower than after 3 injections. 
In one rat e.xamined after 7 injections no mi- 
toses were found. It is thus evident that the 
mitotic effect is not immediate, but appears 
only after a certain latent period. The e.x- 
tensive mitotic activity of the liver seems to 
be limited to a time period of 48 to 72 hours 
after the first injection. 

Co?nt?icnt. The occurrence of mitoses in 
the liver or in other visceral organs, excepting 
for the thyroid gland, following treatment 
with thiourea has not as yet been noted. In 
the thyroid glands of rats, receiving thiourea, 



152 


Phaemacology of Dibenamine 


of blood pressure has been recorded in some 
experiments. 

II. Localization oj the hypotensive action 
oj dibenamine. No noticeable changes in 
blood pressure have been observed after in- 
jection of dibenamine into the, carotid artery 
(to control a possible central action), while 
small quantities of dibenamine injected into 
the peripheral circulation produced an im- 
mediate local vasodilatation. 

III. Ejects of Dibenamine upon the carotid 
shuts vasomotor reflexes. Dibenamine (0.5 
to 15 mg/kg) does not produce a marked 
change of the pressor and depressor carotid 
sinus reflexes on the arterial blood pressure; 
same doses, however, reverse the pressor ac- 
tion of epinephrine into a vasodepressor one. 
Only 60 to 90 minutes after the injection of 
high doses of dibenamine, a depression, but 
not a reversal of the carotid sinus vasopressor 
reflexes could be observed. 

IV. Effects of Dibenamine on hypertensive 
substances. Reversal of the vasopressor ac- 
tion of epinephrine appears after administra- 
tion of at least 10 mg/kg dibenamine. But 
dibenamine does not suppress or reverse the 
epinephrine tachycardia. Small quantities of 
dibenamine, injected into the circulation of 
the leg, induce a strictly localized reversal 
of the vasoconstrictor effect of epinephrine. 

Ten to 15 mg/kg dibenamine do not re- 
verse the hypertensive action of nicotine in 
the atropinized dog. Larger quantities de- 
crease slightly, but never reverse, the vaso- 
pressor effects of nicotine. 

In atropinized dogs, with normal adrenal 
glands, 10 to IS mg/kg dibenamine convert 
the vasopressor action of acetylcholine into 
a vasodilator response. 

The vasoconstrictor effects of ephedrine 
and pituitrin are scarcely altered by dibena- 
mine. 

Ten to 15 mg/kg dibenamine convert the 


asphyxia hypertension into an hypotension. 

V. Effect of Dibenamine on sympathetic 
nerve sthntdation. In dogs, with adrenal 
glands, after injection of 10 to IS mg/kg di- 
benamine, the hj'pertensive response of 
splanchnic nerve stimulation is converted into 
a vasodilatation, after an initial rise of the 
blood pressure. 

In dibenamine-treated dogs, after adrena- 
lectomy, the stimulation of the splanchnic 
nerve produces a monophasic or no rise of the 
blood pressure; no reversal of this neurovaso- 
pressor effect has been observed. 

After injection of dibenamine, the general 
refle.x vasoconstrictor response, induced by 
stimulation of the central end of the vagus, 
IS not converted into a vasodilatation. 

Sttmmary. Experiments on dogs showed 
that dibenamine: 

1. Induces a slight fall of arterial pressure; 
this hypotension depends mainly on a peri- 
pheral vasodilator action. 

2. Has no direct effect upon the heart rate. 

3. Produces no lasting decrease of the caro- 
tid sinus vasopressor reflexes; it never induces 
a reversal of these reflexes, w'hile the same 
dose reverses completely the action of epine- 
phrine on blood pressure and blood vessels. 

4. Does not affect the tachycardic action 
of epinephrine. 

5. Has no marked effect upon the hyper- 
tensive properties of nicotine, ephedrine and 
pituitrin. 

6. Produces a reversal of the asphyxia 
hypertension. 

7. Induces, in atropinized dogs, a reversal 
of the vasopressor action of acetylcholine. 

8. May decrease, but does not produce a 
reversal of the vasomotor responses of sym- 
pathetic origin. 

9. Is primarily a powerful adrenolytic, but 
a weak sympathicolytic agent. 
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Mitoses in the Livers of Rats Treated with Thiourea. 

^I. Rachmilewitz, a. Rosin, and L. Doljanski. 

From ihe Department of Experimental Pathology, The Dehrew Vnirersity, and the Sothschild 
Sadassah University Hospital, Jerusalem, Palestine. 


The purpose of the present communication 
is to report the remarkable effect of large 
doses of thiourea on the liver of rats. This 
effect is manifested by the appearance of nu- 
merous mitoses, in the liver cells. 

Material and Methods. Thirty-six young 
male albino rats, vreighing between 70 and 
100 g were used in these experiments. Four- 
tenths of a gram of thiourea in a 10% aqueous 
solution was injected by the intraperitoneal 
route at daily inter\'als. Six rats died a few 
hours after the first injection, 3 succumbed 
after the second and 8 after the third. Fifteen 
rats survived 3 injections and were sacrificed 
2 to 12 hours after the last injection. Of the 
remaining 4 rats 3 were sacrificed after 4, 
and 1 after 7 injections. 

The livers were fixed in Carnoy’s fluid or 
in Zenker’s solution. Paraffin-celloidin sec- 
tions 5fi in thickness were stained with hema- 
toxj'lin-eosin or with Heidenhain’s hematoxy- 
lin. 

Results. In the 23 rats which succumbed 
or which were sacrificed after 3 daily injec- 
tions of thiourea, the gross appearance of the 
livers was normal. ^Microscopically, there 
was central congestion of the sinusoids and 
slight to moderate vacuolization of the liver 
cells in the central parts of the lobule, as well 
as slight alterations in the lining of the cen- 
tral vein. The outstanding feature was the 
presence of all stages of mitotic figures in the 
liver colls (Fig. 1). ^litoses were found in 
all animals receiving this treatment, but there 
were variations in the number of mitoses from 
rat to rat. In 22^0 of the treated rats the 
number of mitoses was extremel\' high (12 
to IS mitoses in each microscopic field);* in 
26% they were numerous (6 to 12 mitoses 

* Tlio mitotic counts were made in microscopic 
fields of 0.4 mm diameter. 


in each microscopic field); a moderate num- 
ber of mitoses was present in 35% of the ani- 
mals (1 to 6 mitoses in each microscopic field) 
and in 17% of the treated rats the number 
of mitoses was small (one mitosis being found 
in 1 to 3 microscopic fields). 

The configuration of the mitoses was in 
most cases completely normal and the dif- 
ferent phases of the mitotic processes were 
encountered in the usual proportions. In a 
number of livers abnormal mitotic figures 
were found in moderate or appreciable num- 
bers. The pathological mitoses were char- 
acterized by clumping or scattering of the 
chromosomes. In some e.xperiments mitosis 
with widely scattered chomosomes was the 
only type encountered. .At the result of chro- 
mosomal scattering, liver cells with bizarre 
nuclear structures appeared at times: some 
loaded with minute nuclei and others with 
single or multiple large, lobated nuclei. The 
multinuclear liver cells were often e.xception- 
ally large. 

In rats which died or were sacrificed within 
24 to 31 hours after the first injection no mi- 
toses were found in the liver cells. After 4 
injections, i.e., 72 to 96 hours after the start 
of the e.xperiment, the number of mitoses was 
considerably lower than after 3 injections. 
In one rat examined after 7 injections no mi- 
toses were found. It is thus evident that the 
mitotic effect is not immediate, but appears 
onh' after a certain latent period. The ex- 
tensive mitotic activity of the liver seems to 
be limited to a time period of 48 to 72 hours 
after the first injection. 

Comment. The occurrence of mitoses in 
the liver or in other visceral organs, excepting 
for the thyroid gland, following treatment 
with thiourea has not as yet been noted. In 
the thyroid glands of rats, receiving thiourea. 
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lilrrosEs IN Livers Treated with Thiourea 



Pig. 1. 

Liver of rat treated irith 3 doses of 0.4 g tliioarea. Mitoses in liver 
coils. Hematosylin-eosin. X 850. 


mitoses were described by Paschkis and asso- 
ciates.^ 

Mitoses in the normal liver of the adult rat 
are extremely rare.- It is well known, how- 
ever, that loss of liver tissue by removal of a 
part of the organ or by necrosis is followed b}' 
a compensatory multiplication of liver cells. 
It was occasionally noted that mitoses in the 
liver may also occur in the absence of visible 
changes in the hepatic parenchyma after the 
administration of staphylococcus toxin,® ma- 

1 Paschkis, K. E., Cantarow, A., Bakoff, A. E., 
and Eothenberg, M. S., Endocrinology, 1945, 37, 
133, 

- Dawson, A. B., Grow/li Snppl., 3940, 2, 91. 

3 de Walsche, L., Arch, de iiol., Paris, 1931, 
42, 185. 

4 Mayer, Cli., Arch, inicrnat. de med. exp., 1935, 
t), 427. 

spfuhl, W., Z. f. Anat. n. Entwiclclungsgcsch., 
1938/9, 109, 99. 

C Deane, H. W., Anal. Eec., 1944, 8S, 245. 


cerated livers, trypafiavine* or trypan blue.'^''^ 
No satisfactory explanation has been ad- 
vanced for a mitotic reaction of this kind. 

The nature of the mitotic response of liver 
cells to thiourea is likewise not clear. The 
possibility may be considered that thiourea, 
has a direct stimulating effect on the mitotic 
activity of the liver cells. On the other hand, 
occurrence of mitoses ma}' be regarded as a. 
secondary phenomenon, namely as a repara- 
tory reaction following discrete liver damage^ 
The arguments in favor or against each of 
these possibilities will be dealt with in the 
complete communication. 

Summary. The occurrence of mitosis in. 
the liver cells of rats receiving daily intra- 
peritoneal injections of thiourea is reported^ 
Both mitosis of normal configuration and 
pathological mitosis were encountered. Thio- 
urea induced mitotic activity of the liver 
seemed to be at its height during the period 
of 48 to 72 hours after the first injection. 
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Role of the Vagus Nerve in Experimental Cinchophen-Ulcer. 

John R. Hilsabeck and Frederick C, Hide. 

From the Departments of Physiology and Experimental Surgery, The Creighton University 

School of Medicine, 


By giving the drug cinchophen, it is possible 
to produce a peptic ulcer in the dog patho- 
logically identical with that ftjund in man,^ 
and, furthermore, procedures which have ben- 
efited one have been equally helpful in the 
other,-"® and vice versaj'® Cinchophen pro- 
duces an ulcer in almost 100% of dogs without 
grossly disturbing the normal physiology of 
the gastro-intestinal tract,® and provides an 
ideal means for observing the effect of various 
proposed measures on peptic ulcer. 

Numerous studies on cinchophen-ulcer have 
been conducted by Stalker, Bollman and 
Mann.^'®'®'^® They came to the conclusion that 
cinchophen produced an increase in the total 
volume of gastric secretion and that the 
increase was chiefly acid.^® Thus, it was as- 
sumed that cinchophen caused an ulcer by 
producing hyperacidity. 

If cinchophen-ulcer is caused by an in- 
crease in the total volume of acid, it is 
clear that transthoracic vagotomy, by its 
reduction of gastric acidity,^^ should have a 

1 Stalker, L. K., Bollman, J. L., and Mann, F. C., 
Arch. Surg., 1937, 33, 290. 

2Ecid, P. E., and Ivy, A. C., Paoc. Soc. Exp. 
Biol, amd Med., 1930, Si, 142. 

3 Bollman, J. L., Stalker, L. K., and Mann, F. C., 
Arch. hit. Med., 193S, Cl, 119. 

•t Winters, M., Peters, G. A., and Crook, G. W., 
-rlni. J. Dig. Dis., 1939, 0, 12. 

5 Stalker, L. K., Bollman, .T. L., and Mann, F. C., 
Am. J. Dig. Dis. and Futr., 1937, 3, S22. 

G Andersen, A. C., and Hill, F. C., Bull. Creigh. 
ion School of Medicine, 1942, 5, 2. 

r Slutzky, B., Wilhclmj, C. M., and Stoner, M. E., 
Am. J. Dig. Dis., 1941, 8, 409. 

s Slutzky, B., Dietz, N., Stoner, M. E., and 
O’Lougldin, B. J., Jm. ,T. Dig. Dis., 1942, 0, 352. 

a Van Wagoner, F. H., and amrcliill, T. P., 
Arch. Path., 1932, 1-1, SGO. 

10 Stalker, L. K., Bollman, J. L., and Mann, F. C., 
Arch. Surg., 1937, 34, 1172. 

11 Ilartzcll, J. E., Aia. .T. Physiol., 1929, 91, 161. 


marked beneficial effect on this ulcer. To veri- 
fy this inference, transthoracic supradia- 
phragmatic vagotomy was performed in IS 
dogs. These vagotomized animals were then 
given sufficient cinchophen to produce an 
ulcer over varying lengths of time. 

Procedure. The vagus nerves were observed 
in the thorax and abdomen at autopsy in 
42 dogs and were found to pursue a constant 
course. Operations were performed under 
positive intratracheal pressure and morphine- 
pentobarbital anesthesia. The right chest was 
opened in the 7th interspace and a l.S to 
3.0 cm section removed from the anterior and 
posterior vagus nerves just before they pierced 
the diaphragm. The chest was closed by 
interrupted cotton sutures throughout. 

Two groups of vagotomized dogs were used. 
The first. Group A, comprising 4 dogs, re- 
ceived 2 g of cinchophen 4 times a week for 
at least 30 days (this has been reported as 
giving the greatest incidence of chronic 
cinchophen-ulcer®) to allow an ulcer to form. 
Then, 2 g of the drug were given every day 
to try' to perforate the ulcer if present. 

The second group. Group B, comprising 
1 1 dogs, received approximately 2 g of cincho- 
phen 6 days a week. This method had been 
used previousljf in this laboratorj’' to produce 
cinchophen-ulcer 

Results. All the dogs in Group A developed 
ulcer. Nine dogs in Group B developed 
ulcer; however, in 2 of these animals the 
vagi had not been completely se\’ered in the 
thora.x: in one, the posterior branch of the 
right vagus was intact; in the other, the 
anterior vagus was intact. The 2 animals in 
Group B that failed to develop an ulcer 
received cinchophen for an insignificant period 
of time — 2 to 9 daj-s respectively. All dogs 
had excellent appetites throughout cinchophen 
administration until the last day or so before 
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Pio. 1. 

Lirer of rat treated vith 3 doses of 0.4 g thiourea. Mitoses in Uver 
cells. Hematosj-lm-eosin. X 850, 


mitoses were described by Paschbis and asso- 
ciates.^ 

Mitoses in the normal liver of the adult rat 
are extremely rare.* It is well known, how- 
ever, that loss of liver tissue by removal of a 
part of the organ or by necrosis is followed by 
a compensatory multiplication of liver cells. 
It was occasionally noted that mitoses in the 
liver may also occur in the absence of visible 
changes in the hepatic parenchyma after the 
administration of staphylococcus toxin,® ma- 

iPasehkis, K. E,, Cant.aron', A., Bakoff, A. E., 
and Eothenberg, M. S., Endocrinology, 1943, 37, 
133. 

2 Dawson, A. B., Growth Suppl., 1940, 3, 91. 

3 de 173180116, D., Arch, de hiol., Paris, 1931, 
42, 1S5. 

■i Mayer, Ch., Arch, internal, de med. czp., 1935, 

9, 427. 

aPfuhl, W., Z. f. Anat. «. EntwiehUingsgcsch., 
1938/9, 109, 99. 

c Deane, H. W., Anat. Eec., 1944, 88, 245. 


cerated livers, tripaflavine^ or trypan blue.®’*^ 
No satisfactory explanation has been ad- 
vanced for a mitotic reaction of this kind. 

The nature of the mitotic response of liver 
cells to thiourea is likewise not clear. The 
possibility may be considered that thiourea- 
has a direct stimulating effect on the mitotic 
activity of the liver cells. On the other hand,, 
occurrence of mitoses may be regarded as a. 
secondary phenomenon, namely as a repara- 
tory reaction following discrete liver damage. 
The arguments in favor or against each of 
these possibilities will be dealt with in the- 
complete communication. 

Summary. The occurrence of mitosis in 
the liver cells of rats receiving daily intra- 
peritoneal injections of thiourea is reported. 
Both mitosis of normal configuration and 
pathological mitosis were encountered. Thio- 
urea induced mitotic activity of the liver 
seemed to be at its height during the period 
of 48 to 72 hours after the first injection. 
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Role of the Vagus Nerve in Experimental Ginchophen-Ulcer. 

John R. Hilsabeck and Frederick C. Hill. 

Trom the Departments of Physiology and Experimental Surgery, The Creighton University 

School of Medicine. 


By giving the drug cinchophen, it is possible 
to produce a peptic ulcer in the dog patho- 
logically identical with that fhund in man,^ 
and, furthermore, procedures which have ben- 
efited one have been equally helpful in the 
other,-"® and vice versa,"^'® Cinchophen pro- 
duces an ulcer in almost 100% of dogs without 
grossly disturbing the normal physiology of 
the gastro-intestinal tract,® and provides an 
ideal means for observing the effect of various 
proposed measures on peptic ulcer. 

Numerous studies on cinchophen-ulcer have 
been conducted by Stalker, Bollman and 
^lann.^'®-®'^® They came to the conclusion that 
cinchophen produced an increase in the total 
volume of gastric secretion and that the 
increase was chiefly acid.'® Thus, it was as- 
sumed that cinchophen caused an ulcer by 
producing h 3 'peracidity. 

If cinchophen-ulcer is caused by an in- 
crease in the total volume of acid, it is 
clear that transthoracic vagotomy, by its 
reduction of gastric acidity,^' should have a 

1 Stalker, L. K., Bollman, J. L., anil Mann, F. C., 
Arch. Surg., 1937, 35, 290. 

- Eoid, P. E., and Ivy, A. C., Peoc. Soc. Ext. 
Biol, axd Med., 1930, 34, 142. 

3 Bollman, J. L., Stalker, L. K., and Mann, F. C., 
Arch. Int. Med., 1938, Cl, 119. 

^ Winters, M., Peters, G. A., and Crook, G. W., 
Am. J. Dig. Bis., 1939, C, 12. 

0 Stalker, L. K., Bollman, J. L., .and Mann, F. C., 
Am. J. Dig. Dis. and Xutr., 1937, 3, 822. 

<5 Andersen, A. C., and Hill, F. C., Bull. Creigh- 
ton School of Medicine, 1942, 5, 2. 

1 Slutzky, B., tVillielmj, C, M., and Stoner, M. E., 
Am. J. Dig. Dis., 1941, 8, 409. 

s Slutzky, B., Dietz, N., Stoner, M. E., and 
O’LougIdin, B. J., Am. J. Dig. Dis., 1942, », 352. 

oVan Wagoner, F. H., and Clmrcliill, T. P., 
Arch. Path., 1932, 14, SCO. 

10 Stalker, L. K, Bollman, J. L., and Mann, F. C., 
Arch. Surg., 1937, 34, 1172. 

11 Ilartzcll, ,T. B., ,1m. J. Physiol., 1929, 91, 101. 


marked beneficial effect on this ulcer. To veri- 
f}' this inference, transthoracic supradia- 
phragmatic vagotomy was performed in 15 
dogs. These vagotomized animals were then 
given sufficient cinchophen to produce an 
ulcer over varying lengths of time. 

Procedure. The vagus nerves were observed 
in the thora.v and abdomen at autopsy in 
42 dogs and were found to pursue a constant 
course. Operations were performed under 
positive intratracheal pressure and morphine- 
pentobarbital anesthesia. The right chest was 
opened in the 7th interspace and a 1.5 to 
3.0 cm section removed from the anterior and 
posterior vagus nerves just before they pierced 
the diaphragm. The chest was closed by 
interrupted cotton sutures throughout. 

Two groups of vagotomized dogs w’ere used. 
The first, Group A, comprising 4 dogs, re- 
ceived 2 g of cinchophen 4 times a week for 
at least 30 da}'s (this has been reported as 
giving the greatest incidence of chronic 
cinchophen-ulcer®) to allow an ulcer to form. 
Then, 2 g of the drug were given every day 
to trj' to perforate the ulcer if present. 

The second group. Group B, comprising 
1 1 dogs, received appro.vimately 2 g of cincho- 
phen 6 daj's a week. This method had been 
used previousl}- in this laboratorj’^ to produce 
cinchophen-ulcer.®-'-® 

Results. All the dogs in Group .A developed 
ulcer. Nine dogs in Group B developed 
ulcer; however, in 2 of these animals the 
vagi had not been completely se\'ered in the 
thorax: in one, the posterior branch of the 
right vagus was intact: in the other, the 
anterior vagus was intact. The 2 animals in 
Group B that failed to develop an ulcer 
received cinchophen for an insignificant period 
of time — 2 to 9 daj-s respectivelj-. .All dogs 
had e.\cellent appetites throughout cinchophen 
administration until the last day or so before 
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TABLE I. 


Dog 

Total grams 
of cinchophen 

Days 

Ecsults 

1* 

4 

2 

Stomach and duodenum normal 

2* 

18 

9 

>> }> 

3* 

60 

39 

4 iiyloric antral ulcers 

4 * 

64 

32 

3 >> }> 99 

5* 

12 

6 

Numerous antral ulcers 

6 * 

16 

9 

3 antral ulcers, 1 fundic ulcer 

7* 

46 

26 

3 pyloric antral ulcers 

8 * 

6 

4 

2 pin-point antral ulcers 

9 * 

18 

10 

Antral ulcers 

10* 

74 

43 

Numerous antral ulcers 

11* 

50 

29 

3 large antral ulcers 

12 1 

92 

60 

Large antral ulcer, large aimular pyloric ulcer 

13 1 

114 

72 

Large annular pyloric ulcer. 

14t 

118 

74 

Perforated antral ulcer, healed annular nicer 

lot 

113 

83 

Perforated pyloric ulcer, antral ulcers 


* Cfreigliton regime. 

I Modified Stalker regime. 


death. 

Discussion. In dogs, vagotomy produces a 
decrease in total volume of acidity^^ and also 
a marked decrease in motility^^-^- which per- 
sist for at least 5^4 months.^^ Meek*'* re- 
ported a peptic ulcer in 2 out of 13 vago- 
tomized dogs but Beazell and Ivy*® failed 
to find an ulcer in 60 vagotomized dogs. It 
is evident, therefore, that vagotomy alone is 
not capable of producing peptic ulcer in a 
high percentage of cases. In view of our 
results, this probably means that merely the 
increased e.vposure of the gastric mucosa to 
gastric contents is not the prime factor in the 
formation of cinchophen-ulcer in vagotomized 
dogs. 

Since vagotomy decreases the total volume 

12 Meek, W. J., and Herrin, E. 0., Am. J. 
Physiol., 1934, lOO, 221. 

13 Vaiizant, F. E., Am. J. Physiol., 1932, 99, 375. 

1-* Meek, 11^ J., personal communication to 

Beazoll, J. M., and Ivy, A. G.w 

i3Be.azell, X M., and Ivy, A. C., Arch. Path., 
193G, 23, 213. 


oi acidity, it may be that cinchophen produces 
an ulcer, not by producing an hyperacidity, 
but by inactivating one of the protective 
mechanisms of the stomach. Possibly it affects 
mucus in some way so as to render it in- 
capable of preventing hydrochloric acid and 
pepsin from attacking the stomach wall. The 
importance of mucus as a protective mech- 
anism was pointed out by Whitlow*® and con- 
clusively demonstrated in man*' merely by 
allowing a normal amount of acid and pepsin 
to attack an area of mucosa deprived of 
mucus. 

Summary and Conclusions. Surgical inter- 
ruption of the vagus nerves above the dia- 
phragm had no effect whatsoever on the 
incidence of peptic ulcer produced by cincho- 
phen. 

10 Whitlow, J. E., quoted by Fogelson, S. X, 
X A. M. A., 1931, OG, 673. 

IT Wolf, S., . 3 nd Wolff, H. G., Bnman Gastric 
Function, O.vford University Press, New York, 
London, Toronto, 1943, p. 108, 
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Effect of Double Jejunal Lumen Gastrojejunal Anastomosis upon Produc- 
tion of Ulcers by Histamine. 

M. E. Steinberg and Milton de V. Brunkow. (Introduced b}" W. B. Youmans.) 
From the Department of Physiology, University of Oregon Medical School, Portland, Oregon. 


Von Eiselsberg' introduced the exclusion 
operation for the treatment of duodenal ulcers. 
The stomach was severed at its distal end. 
The pyloric segment was closed and the larger 
proximal segment of the stomach was anas- 
tomosed to the jejunum. Devine- advocated 
the division of the stomach at a more proxi- 
mal level than in the \^on Eiselsberg technic. 
The intent of both of these operations was 
to exclude the corrosive action of the acid 
gastric juice from the duodenum and thus 
bring about the healing of the duodenal ulcer- 
ation. The results of these operations proved 
disappointing since jejunal ulcer developed 
in a majority of the patients operated by 
the e.xclusion methods. The Von Eiselsberg 
and the Devine procedures were tested in 
the laboratory Jejunal ulcers occurred with 
regularity when in addition, the alkaline 
duodenal contents were diverted from the 
gastrojejunal anastomosis by the Exalto pro- 
cedure.-'' 

The senior author has previously published 
studies concerning the factor of spasm in the 
etiology of peptic ulcers."*’® In one of these 
studies a larger jejunal lumen was created by 
the anastomosis of two parallel jejunal seg- 
ments in an anti-peristaltic direction.® This 
newly created and enlarged jejunal lumen 
was anastomosed to the proximal part of the 
stomach after the closure of the distal seg- 

1 Von Eiselsberg, A., iricii. Klin. IVchnschr., 
1910, 2.3, 44. 

Devine, II. B., Surg., Gyncc., and Ohsl., 1925, 
40, 1. 

3 tVinkclb.’iucr, A., Arch. f. lUn. C/ii'r., 192G, 
14.3, 049. 

4 Steinberg, M. E., Am. ,T. Surg., 1934, 2S, 137. 

r> Exalto, .T., -Ifif/. a. d. Grcnrgch. d. 3fcd. ii. 

Chir., 1911, 2.3, 13. 

e. Steinberg, M. E.. and Starr, P. II., Arch. Surg., 
1934,20,893. 


ment according to the method of Devine. At 
the same time the alkaline duodenal contents 
were diverted from the gastrojejunal anas- 
tomosis bj' the Exalto procedure.® None of the 
4 dogs operated in this manner and with a 
double jejunal lumen developed jejunal ulcers. 
Of the 1 2 dogs with the Devine and the Exalto 
operations and with a single lumen gastro- 
jejunal anastomosis, 75% developed jejunal 
ulcers.® 

The present studies have been performed for 
the purpose of determining the effect of this 
double lumen jejunojejunal anastomosis upon 
the production of ulcers by histamine-in-bees- 
wax injection. Varco, Code, V'^alpole and 
Wangensteen" produced peptic ulcers in 100% 
of dogs with an intact gastrointestinal tract 
after daily injections of histamine-in-beeswax. 
Lannin** made extensive e.xperiments with the 
histamine-in-beeswax preparation to deter- 
mine which of the various gastrojejunal anas- 
tomoses gives the most protection against 
the jejunal ulcer. He was able to produce je- 
junal ulcers in 100% of dogs subjected to a 
gastroenterostomy and to the Devine e.\-clusion 
operation. In our e.xperiments we have per- 
formed the gastroenterostomy and the Devine 
e.\cIusion operation, and in place of the 
standard single loop gastrojejunal anastomosis 
we employed the double lumen jejunal anas- 
tomosis. Two normal dogs were given daily 
injections of histamine-in-beeswax, and each 
of these developed ulcers. Two dogs with 
double Jejunal lumen gastroenterostomy and 
one with a double jejunal lumen and a Devine 
^elusion operation were subjected to daily- 
injections of histamine-in-beeswax. One of 
these 3 animals developed a jejunal ulcer. 

- Varco, I?. L., Code, C. D., S. II^Md 

ty.nngcnstccn, O. II., Am. J. Physiol., 1941, 13 . 1 , 
475, 

»>'Eaiinin, B. G., Surgery, 1945, 17 , 712. 
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The other 2 with double lutncn anastomosis 
remained in perfect condition and were sac- 
rificed 43 days after the starting of the in- 
jections, No evidence of erosions or ulcers 
were found in the stomach, duodenum or 
jejunum. 

Protocols. Dog No. 1, weight 30 lb. Opera- 
tion December, 1946. Gastrojejunostomy with 
a double lumen jejunojejunal anastomosis. 
April 7, 1947 histamine beeswax, 30 mg 
daily. April 29, 1947 dog sacrificed. Shallow 
round jejunal ulcer, 1 cm in diameter with a 
pin-point penetration. 

Dog No. 3, weight 26 lb. Operation, Janu- 
ary 16, 1947. Gastroenterostomy with a 
double lumen jejunojejunal anastomosis. 
April 7, 1947, daily injections of 30 mg of 
histamine beeswax. May 20, 1947 dog sacri- 
ficed. No ulcers or erosions found. 


Dog No. 4, operation, January 22, 194?. 
Devine e.xclusion procedure with a double 
lumen gastrojejunal anastomosis. April 7, 
1947, daily injections of 30 mg of histamine 
beeswax. May 20, 1947, dog sacrificed. No 
ulcers or erosions found. 

Normal dog No. 1, weight 22 lb. May 12, 
1947, daily injections of histamine beeswax. 
May 20, 1947, dog sacrificed. Shallow ulcers 
about 1 X 1 cm with induration on the lesser 
curvature of the pylorus. 

Normal dog No. 2, weight IS lb. May 12, 
1947, daily injections of histamine beeswax. 
April 29, 1947, dog sacrificed. Several small 
ulcers and erosions in the mucosa of the trans- 
verse stomach. Trvo large ulcers of the first 
part of the duodenum and one shallow ulcer 
4 cm distal to the pylorus. 
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Effect of Urethane on a Transplantable Acute Lymphoid Leukemia.* 

L. W. Law. (Introduced by C. C. Little.) 

(With the technical assistance of Lester E. Bunker, Jr.) 

I’rom the Soscae S. Jachson Memorial Laboratory, Sar Sarbor, Me. 


It has been shown that urethane produces 
a pronounced reduction in blood leukocytes 
and in immature myeloid cells in both the 
human and the mouse in cases of myeloid 
leukemia.^- In addition definite palliative 
effects have been reported for human beings.^ 
The response in human lymphoid leukemias 
was less pronounced and more variable than 
in myeloid leukemias. Recently,^ the response 
to urethane of spontaneous lymphoid leu- 

* Tliis work bns been aided by grants to the 
Koscoe B. Jackson Memorial laboratory by the 
Jane CofSn Childs Memorial Fund and the Na- 
tional Advisory Cancer Council. 

1 Paterson, E., Haddow, A., Thomas, I. A., and 
Watkinson, J. M., Lancet, 1946, 250, 677. 

2 Engstrom, E. M., Kirsclibaum, A., and Miser, 
H. TV., .Scic^ice, 1946, 105, 255. 

31,aw, Ii. W., Froc. Mat. Acad. Science, 1,4/, 
33 , 204 . 


kemias in the mouse has been studied and 
the following encouraging effects were ob- 
tained: (1) a pronounced fail in blood leuko- 
cytes to or below normal levels and main- 
tenance of these levels with continued therapy 
(2) a marked reduction in the number of 
immature cells in the circulating blood. (3) 
a temporary stabilizing effect on hemoglobin 
levels. (4) a pronounced diminution in size 
of subcutaneous h^ph nodes, spleen and 
thymus and (5) a significantly greater life 
expectancj' for urethane-treated cases. 

A stud}' of the effect of urethane on several 
acute and chronic lymphoid and myeloid 
transplantable leukemias in the mouse has 
been made. This paper summarizes the re- 
sponse of a transplantable acute lymphoid 
leukemia, line L825, which arose spontaneous- 
ly in ? 79374 (6 months of age) of the CSS 
inbred leukemic strain of mice. The leukemic 
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animals used were of the 32nd, 33rd and 34th 
transfer generations of this leukemia and 
were from 5 to 6 -weeks of age. 

Leukemia line L825 forms a local tumor 
following subcutaneous transfer and produces 
massive and diffuse infiltration into the lymph 
nodes, spleen, liver and thj^mus in the termin- 
al stages leading to death of mice in 9 to 10 
days. The leukocyte count is elevated after 
4 to 5 days and lymphoblasts appear at this 
time. In terminal stages leukocyte counts of 
200,000 (90% lymphoblasts) have been en- 
countered. 

Urethane was administered daily in the fol- 
low'ing dosages to 4 separate groups of mice 
beginning injections 24 to 48 hours after 
transfer of leukemic cells: 0.75 mg per g body 
weight, 0.45 mg, 0.25 mg, and 0.15 mg per g 
body weight. A 6% aqueous solution was 
given intraperitoneall 3 ^ Significant palliative 
effects noted in the experimental series treated 
with 0.75 mg per g body weight are reported 
herein. 

The blood leukocyte count of urethane- 
treated leukemics was maintained at levels 
below normal throughout the period of in- 
oculations of 0.75 mg urethane per g of body- 
weight, whereas the untreated leukemic ani- 
mals showed a progressive leukocytosis to 
a mean leukocyte count of 125,750 at 12 days. 
The absolute lymphoblast count of urethane 
treated leukemias was 7%, 0.3% and 0.4% 
of the absolute lymphoblast count of un- 
treated leukemics at 7, 10 and 12 days re- 
spectively following transfer of leukemic cells. 
.•\t 12 days following treatment the mean ab- 
solute number of malignant h’mphoblasts in 
urethane treated mice was 318.8 compared 
with 72935 in untreated leukemics (Table I). 

It has been observed in chronic myeloid 
leukemias in humans that hemoglobin values 
rise or remain slationarj' in the majority of 
cases. No deleterious effects on the red cell 
series was observed.^ In our urethane-treated 
leukemics the hemoglobin levels did not rise 
nor were they maintained for any length of 
time. However there were significantly higher 
values at each blood count period as compared 
with untreated controls. IMien the hemoglobin 
values fell to 5 g %, death ensued shortly 
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TABLE n. 


Effect of Urethane on Infiltration of Leukemic Cells of Lymplioid Leukemia, Line LS25, in 
t Yarious Tissues of C58 Strain Mice. 


Esp. 

Jvo. animals 

Tissue weights in mg/25 g of final body weight* 

Subcutaneous 

mass Spleen 

Liver 

Subcutaneous 
Ij'niph nodes? 

Controls 

16 

1234 -4- 93.31 540,6 ±41.7 

2291.8 158 

217,0 13.0 

ErethaneS 

16 

230.9 -+- 47.6 72.5 ± 6.9 

S28.S -H 39.3 

62.1 ± 7.3 

Difference of means 

1003.1 -i- 104.7 464.1 ± 42.3 

1463 ± 162.7 

135.4 ■+■ 15.4 

P values 


<6.01 <0.01 

<0.01 

<0.01 


* Uretliane causes a slight decrease in body iveight after many inoculations of sub-anestlietie 
doses. The means of tissue weights of control and urethane series are weighted equally by using ■ 
body weights at death of animals, 
t Means and standard errors. 

i Including paired inguinal, axillary, and cervical lymph nodes. 

^ Dosage: 0.75 mg per g body weight per day. 


thereafter. 

Following urethane treatment there resulted 
a conspicuous decrease in circulating lympho- 
cytes and a corresponding increase in poly- 
morphonuclear leukocytes. This change was 
evident after 3 daily injections. In view of the 
fact that this phenomenon occurs in lymphoid 
as well as in myeloid leukemia the e.\plana- 
tion offered for Ae depression of white blood- 
cell counts of myeloid leukemias following 
urethane therapy does not seem tenable.'* 

All urethane-treated mice responded as 
above described. In 4 mice at the 10 and at 
the 12 day periods no malignant lymphoblasts 
could be found in blood smears. 

A significantly greater life expectancy was 
obtained in the urethane-treated (0.75 mg per 
g daily) series. These e.vperimental animals 
lived 17.53 ± 0.63 days (25 animals) as com- 
pared with 10.37 ± 0.26 days (45 animals) 
for the controls. The difference of the means 
of the groups is 7.16 ± 0.69 days where 
P<0.01. On the other hand leukemic mice 
given smaller doses of urethane did not live 
longer than untreated leukemics. 

A definite retardation of the grow'th of the 
subcutaneous mass was evident at 5^ days 
after transplantation of leukemic cells in the 
urethane series. All urethane-treated mice 
were negative at this time whereas control 
leukemic mice showed definite noaules. At 
7 days the mean tumor sue of urethane- 
treated animals was 0.98 cm (sum of 2 a xes) 
A., and L«, C. S., Peoc. Son. Exr. 
Biot. -VXD Med., 1947, 65, G2. 


and of control animals 3.2 cm. There was a 
profound difference in tumor weights obtained 
at death of the animals. (Table II). Infiltra- 
tion into the liver, spleen and subcutaneous 
lymph nodes as determined by organ weights 
and by histological study was slight in the 
urethane-treated series. Urethane-treated mice 
showed a mean loss in weight of nearly 2 g 
after 14-15 days of daily injections. It is 
evident that the loss of weight per se in the 
■ experimental animals producing some splenic 
and lymphoid atrophy did not result in the 
significantly lower organ weights for the 
following reasons: (1) At 10-12 days follow- 
ing initiation of urethane-therapj^ at which 
time there was no loss in body weight, mas- 
sive and diffuse infiltration into spleen and 
subcutaneous lymph nodes '^vas not conspic- 
uous. (2) Organ weights in urethane-treated 
leukemics were not significantly different from 
similar organ weights of normal C58 mice of 
the same age and body weight. (3) It is 
evident from histological studies that cell 
destruction of infiltrating lymphoblasts is 
occurring. Complete histological studies will 
be given later. 

Summary. Urethane, administered intra- 
peritoneally in subanesthetic dose, 0.75 mg 
per g of body weight per day in leukemic 
mice transplanted with leukemic cells of the 
32nd to 34th transfer generations of an acute 
lymphoid leukemia, produces the following 
profound palliative effects: (1) The blood 
leukocytes are maintained at leukopenic levels. 
(2) The immature lymphoblasts are main- 
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tained at significantly lower levels than con- 
trol leukemics and in some cases disappear 
entirely from the peripheral blood. (3) Hemo- 
globin values remain at higher levels in the 
urethane-treated animals throughout treat- 
ment. (4) Local subcutaneous growth of the 
tumor mass is retarded. Some infiltration of 


lymphoblasts into spleen, thymus and lymph 
nodes occurs, however this is not of the 
characteristic massive and diffuse type. Lym- 
phoblast destruction is evident. (5) A sta- 
tistically significant greater life expectancy in 
urethane-treated leukemics is obtained. 
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Comparison of Rates of Penetration of Unwashed and Washed 
Spermatozoa in Cervical Mucus.* 

W. T. Pommerenke and Ellenmae Viergiver. (Introduced by Henry A. Blair.) 

From the Department of Obstetrics and Gynecology, The University of Eochestcr School of 

Medicine and Dentistry. 


The evidence at hand indicates that the 
secretion of cervical mucus is under hormonal 
control.^”* It is most abundant when ovulation 
is believed to occur, i.e. at midinterval in the 
usual 28-day cycle.®"^ At this time the mucus 
possesses its lowest viscosity and cellularity,® 
highest water content,® and is well supplied 
with glycogen and other potential reducing 
substances.® /« vitro experiments show that it 
is during midcycle that the cervical mucus 
is most readily' penetrable by spermatozoa,®'® 
probably due to the physical and chemical 
properties that prevail at this time. MacLeod 

* -Aided by a grant from the Ortho Hcsearch 
Foundation, Raritan, N.J. 

t Guttraacher, A. F., and Shcttles, L. B., Human 
Ferti!., 1940, 5, 4. 

2 Bennett, H. G., Jr., Am. .7. Obst. and Gynec., 
1942, 44, 290. 

0 Abarb.anel, A. R., Xrarts. Am. Soc. for Study of 
Slcrilily, 1946. 

■< Pommerenke, IV. T., and Viergiver, E., J. CUn. 
Fndocrin., 1940, 0, 99. 

■' Si'guy, J., and .Simonnet, H,, Gyncc. ct obst., 
193.3, 28, 057. 

oljimar, J. K., Shettics, L. B., and Dcifs, E., 
-Iiii. .7. Fhy.s., 1940, 129, 234. 

7 Viergiver, E., and Pommerenke, W. T., Am. J. 
Obst. and Gynec., 1944, 48, 321. 

S Viergiver. E., and Pommerenke, W. T., An. J. 
Obst. and Gynec., 1940, 51, 192. 

a Viergiver, E., and Pommerenke, W. T., Am. J. 
Obst. and Gyncc., in press. 


has made the observation that human sperm- 
atozoa require glucose or a like monosac- 
charide for their metabolism and prolonged 
activity.^® The fresh semen itself contains 
some 300 mg per 100 cc of reducing substance 
expressed as glucose.”-'® Since spermatozoa 
probably carry with them little of this extra- 
cellular nutriment, they may find in their 
new environment the necessaty substrate for 
their subsequent metabolism. Enzymes may 
play an important role in the utilization by 
the spermatozoa of the substances in cervical 
mucus, but this conjecture constitutes a sep- 
arate study. 

This report is concerned with an endeavor 
to ascertain the effect of washing of the 
spermatozoa on their ability' to penetrate a 
column of cervical mucus in vitro. 

Material and Methods. Subjects: Healthy 
young women with normal menstrual cycles 
and pelvic findings supplied the mucus which 
was collected from the cervical canal by as- 
piration.® Semen specimens were obtained 
from healthy young donors by manual stimu- 
lation. In the evaluation of these specimens 
consideration was given to the count and 

10 MacLeod, J., Endocrinology. 1941, 29, 583 

11 Hotchkiss, R. S., Brunner, E. K., .and Grcniy. 
P., Am. J. M. Sci., 1938, 190, 302. 

12 Huggins, C. B., .and Johnson, A. A., Am. J. 
Physiol., 1933, 103, 574. 
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■ TABLE I. 


Bate of Penetration of Unwashed and Washed Spermatozoa in Cervical Mucus. 



JTo- of 
specimens 

Bange of rate of 
penetration, mm/min 

Avg rate of 
penetration, mm/min 

Preovulator}' phase 




Unwashed 

8 

0.0-0.7 

0.3 

Washed 

5 

0.0-0.4 

0.2 

Ovulatory phase 

Asoending 

Unwashed 

13 

0.6-2.3 

1.3 

AVasIied 

10 

0.5-1.9 

1.0 

Peak 

Unwashed 

6 

1.3-2.0 

1.7 

Washed 

10 

1.0-2.7 

. 2.0 

Descending 

• 

0.2-1.8 

0.8 

Unwashed 

5 

Washed 

3 

0.7-1.4 

1.0 

Postovulatory phase 

'L' 

0.0-1.5 

0.5 

Unwashed 

7 

Washed 

6- - 

0.0-0.6 

0.3 


morphology. 

Preparation of Suspensions of Waslted 
Spermatozoa. One volume of semen and 5 
volumes of Ringer’s solution were mixed and 
then centrifuged at approximately 1500 r.p.m. 
for 10 minutes. The packed spermatozoa were 
then resuspended in fresh Ringer’s solution, 
the final mixture being brought up to the 
original volume of semen used. Observations 
on the counts and morphology were also made 
on these suspensions. The rvashing and centri- 
fugation of the spermatozoa resulted in some 
diminution in the number of motile forms and 


also in the destruction of some of the cells. 

Penetrability. The rate of pentrability w'as 
determined by the method of Lamar, Shettles 
and Delfs." A column of mucus followed by 
a column of fresh semen or of washed spermat- 
ozoa suspended in Ringer’s solution was 
drawn into a capillary tube, leaving a small 
bubble between the 2 media to serve as a 
marker. These tubes were then placed on 
glass slides and covered with mineral oil to 
reduce refraction for observation under the 
microscope. By means of a stop natch and a 
calibrated mechanical stage the rate at which 
the spermatozoa invaded the cervical mucus 
was determined. 

Results The mucous cycles were arbitrarily 
divided into 3 phases; preovulatory, ovula- 
tory, and postovulatory, the ovulatory phase 
consisting of those days in m.dcycle during 


which the amount of mucus was greatly in- 
creased and the cellularity decreased. In the 
normal cycle the amount of mucus increases 
for 2 to 5 days in the beginning of the ovula- 
tor 3 ' phase, reaches a peak which is main- 
tained from 1 to 2 days, and then decreases 
for 2 to 3 daj’s before reaching the postovula- 
tory level.’’® Since it has been shown that the 
rate of penetrability of spermatozoa also 
follows this general pattern,®’® the ovulatory 
phase was further subdivided into the ascend- 
ing side, the peak, and the descending side of 
the curve. 

Reference to Table I shows that the rates 
of penetration of the unwashed spermatoza,®' 
are in accord with previous obsen^ations.®’ 
It can likewise be seen that washing and 
centrifuging of the spermatozoa did not ap- 
pear to modify appreciably their abilitj’’ to 
invade the mucus. In some tests the spermat- 
ozoa, both unwashed and washed, were en- 
firel 3 ^ stopped in their attempt to penetrate 
the cervical mucus obtained during the pre- 
and postovulator 3 ' phases. However, the av- 
erage rate of penetration varied from 0.2 to 

0. 5 mm/min. The highest rate of penetration, 

1. c. from 1.7 to 2.0 mm/min., occurred in those 
specimens of mucus collected during the 
ovuIator 3 ' phase, with some diminution in 
rate as the collections of mucus departed on 
either side from the peak. 

In these studies measuremrnts of the rate 
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ol penetration -were begun promptly after the 
spermatozoa were brought into contact with 
the column of mucus. In many cases the 
spermatozoa on finding the mucus medium 
particularly favorable, i.C. during the ovula- 
tory phase, could be observed to pass through 
the entire length of the mucus column, an 
average distance of 25 mm, without apparent 
deceleration. However, in the pre- and post- 
ovulatory phases of the cycle when the mucus 
was more viscid and cellular, the entire dis- 
tance to which they could penetrate averaged 
only 1.4 mm. There was no apparent differ- 
ence between the distances penetrated by the 
unwashed and the washed spermatozoa. 


In all, 42 semen specimens coming from 
4 donors were used. These specimens ranged 
in volume from 0.6 to 4.2 cc and in count from 
34 million to 262 million per cc. We were 
unable, in these studies, to correlate the de- 
gree of penetrabilit}- of the mucus with the 
concentration of spermatozoa, either unwashed 
or washed. 

Summary. This study indicates that wash- 
ing human spermatozoa with Ringer’s solu- 
tion and resuspending, the washed spermatozoa 
in this solution does not impair their ability 
to penetrate a column of cervical mucus in 
vitro. 
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Uneven Distribution of Glycogen in the Live^.f 


G. Gomori and M. G. Goldner. 



From iho Department of itcdieinc. University of Chicago. 


A strikingly uneven distribution of glyco- 
gen in the liver of rabbits was found in the 
course of e,xperiments in which an attempt 
was made to follow with biopsies the varia- 
tion in liver glycogen under various conditions. 
Irregularities in the intracellular (“glycogen 
flight'’) and intralobular^ distribution of 
glycogen have been known for some time. 
Recently, Deane, Nesbett and Hastings- 
have found significant differences in the gly- 
cogen content of the two lobes. Since it is 
obvious that such obser\'ations tend to limit 
the value of liver biopsies in judging the 
metabolic state of the organ, a short report 
appears to be warranted. 

Expcrmcntal. Rabbits were fasted for 18 
to 24 hr and laparotomized under sodium 

• This work lias bcccn aided br a grant from 
the Douglas Smith Foundation for Medical Re- 
search of the CniversitT of Chicago. 

1 Edlund, Y., and Holmgren, H,, Z. f. niitr- 
anat. Forseh., 1P40, 47, 4G7. 

- Deane, H. VC.. Nesbett. F. B., and Hastings, 
A. Baird, Pr.oc. Soc. Exr, Biol, axo Meb., 
into, «,'J. 401. 


pentothal anesthesia. On gross inspection 
no difference in the appearance of the lobes 
of the liver was noted. Simultaneous wedge 
shaped specimens weighing 1000 to 1500 mg 
were removed from different parts but usually 
from the same lobe of the liver. Where biop- 
sies were taken at intervals Gelfoam proved 
very helpful in the control of bleeding. Sub- 
sequent biopsies were taken from sites far 
away from that of the previous resection. 

The present report is concerned only with 
variations observed in simultaneous biopsies. 
The specimens were cut into 3 portions. The 
middle slice was fixed promptly in chilled 
90% alcohol or Bouin’s fluid, embedded, and 
the sections stained with Best’s carmine, 
Bauer-Feulgen’s method® and a silver stain.'* 
The two lateral portions were weighed and 
dropped immediately in 30% KOH for the 
chemical determination of glycogen according 
to Good, Kramer and Somogjd;® the glucose 

3 Bauer, H., Z. f. mifcr.-nnat. Forseh., 1933, 33, 
143. 

* Gomori. G., .-Im. .T. CUn. Path., 194G, JO, 177. 
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Histologic Distribution of Glycogen in Rabbit’s Liver 



Fig. 1. 

Babbit 52E, biopsy 1. X 80. 



Pig. 2. 

Babbit 52Ej biopsj’ 3. X SO. 


formed was determined by the colorimetric 
method of Folin and Malmros," a photo- 
electric colorimeter being used. 

Table I shows the marked variation in the 
amount of glycogen found in simultaneous 
biopsies, the range sometimes exceeding sev- 
eral 100%. The histologic pictures, as far as 
one can Judge from the extent and intensity 
of the stain, were in good agreement with the 

GEolin, 0., and JMmros, H., J. Biol. Chem., 
1929, 83, 115. 

0 Good, A., Kramer, H., .and Somogyi, JI., J. Biol. 
Chcm., 1933, 100, 485. 



Pig. 3. 

Babbit 48, biopsy 3. X 25. 

Ail slides stained irith Bauer-Peulgen ’s stain. 


chemical findings, as shown in Fig. 1 and 
2. Fig. 3 demonstrates furthermore that even 
in the very same slide extensive areas of high 
and low glycogen content may be found side 
by side. 

It should be mentioned that the distribution 
of fat in the sections, unlike that of glycogen, 
appeared to be quite uniform. 


TABLE I. 

Variation in Glycogen Content of Simultaneous 
Liver Biopsies. (% of ivet iveiglit.) 


Babbit No. 

Biopsies 

' 1 2 

3 

48 

0.23 

0.4 

l.G 

51 E 

0.74 

0.9 

0.65 

52 A 

1.0 

2.4 

— 

52 E 

1.8 

1.5 

0.5 

53 A 

4.2 

5.1 

— 

53 E 

2.6 

3.5 

1.8 


Swnmary. Great caution is warranted in 
Judging the metabolic state of the liver on 
the basis of the glycogen content of biopsies 
since variations e.vceeding several 100% may 
be observed in simultaneous biopsies taken 
from the same lobe of the rabbit’s liver. 
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Temperature Level and the Growth of Embryo and Tumor of Tumor- 

Bearing Eggs. 

Alfred Taylor, Nell Carmichael, and Theresa Norris. 

From ilic Biocltcmiedl Institute, University of Texas, and the Clayton Foundation for Bescarch, 

Austin, Texas. 


The technique of growing tumor tissue in 
embryonated eggs has been routine in this 
laboratorj'^ for more than 4 years. The use 
of the yolk sac method of inoculation has 
made it comparatively simple to maintain 
rat and mouse tumors indefinitely by egg to 
egg inoculations.*'- 

The size of the tumors grown in this manner 
were of the same order as those obtained by 
transplant in the host animal. This continued 
to be so after as much as 114 transplant- 
generations or about 4 years continuously in 
eggs. Apparently the egg environment satisfies 
all the requirements of malignant tissue for 
vigorous growth. 

The inoculation of eggs through the yolk 
sac results in tumor implantation on the yolk 
sac inner wall.'* In this situation the growth 
of the tumor presents a minimum of interfer- 
ence with the development of the chick em- 
bryo. Tumor tissue and chick tissue grow to- 
gether sharing a common blood supply. It 
is not uncommon for the egg-grown tumor 
to weigh as much as 6 g at the 17 th day of 
egg incubation, while the chick embyro nor- 
mally weighing about 20 g at this stage is 
reduced to 10 or 12 g. 

The egg environment is relatively stable 
but a certain amount of manipulation will 
be tolerated by the chick embrj'o. This is 
especially so with respect to temperature. 
Incubating eggs will withstand considerable 

1 T.iylor, A., llungatc, R. E., amt T.aylor, D. H., 
Cancer Itc.ienrch, 1013. 3, 537. 

Taylor. A., Tliackcr, J., amt reniiiiij;ton, D., 
Science. 1942, DO, 342. 

3 JTuncatc. I?. E.. T.aylor, A., niul Tlioinpcon, 
li. C.. rniirfr /.V.O’orrJi, 1944, 4, 2S9. 

-I Kynottc, A., Taylor. A., aoA Tliompskon, R. C., 
fnif. nf Texas Pnhtication Xo. 4507, Cancer 
Studies, 1945, jip. 0,5. 7.5. 


variation in temperature and still survive to 
the 17-18 day period. 

The present paper is concerned with a study 
of the comparative reactions of tumor and 
chick tissues groivn together to temperatures 
above and below that required for normal in- 
cubation. 

Experimental. Embryonated eggs on the 
4th day of incubation were inoculated with 
dba mouse mammary carcinoma. The eggs 
of one series of inoculations ivere divided into 
3 groups and incubated from the time of im- 
plantation until the termination of the experi- 
ment at 3 different temperatures. One group 
representing the control was kept at 99-100° 
F, a second group was incubated at 96-97°F, 
and the third group was maintained at a 
temperature of I03-104°F. .‘M the 18th day of 
incubation, or 14 days after tumor inoculation, 
the embryos and tumors of the surviving eggs 
were harvested and weighed. A total of 1179 
eggs was inoculated ivith tumor tissue for 
this research involving 17 separate experi- 
ments. 

The results are given in Table I. Statistical 
validity of the figures given has been checked 
and found to be beyond question. 

The chick embrj'o was less affected by the 
higher- and lower-than-normal incubating 
temperatures than was the egg-cultivated 
tumor. This was particularly striking for the 
temperature range. 103-104°F, at which the 
chick embryos averaged a reduction in weight 
of 12% ivhile the tumors grown in these eggs 
were reduced in size 50% as compared with 
their respective weights at the control tempera- 
ture. 

Prex'ious work has demonstrated that in 
eggs inoculated by the yolk sac method the 
size of the embryo is generally conditioned 
b\ the size of the tumor.'* .\ large vigorous 
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TABLE I. 


Effect of Temperatures Above and Belou- Eormal Incubation on Embryo and Tumor 'Weigiifs of Tumor- 
Bearing Eggs. ~ 


No, 

exp. 

. Incubation 
temperature 
• (“F) 

Ro, eggs 
inoculated 

No. eggs 
surviving 

Avg. 
chick 
size 
' (g) 

E.\-p. 
cliicks, 
control 
= 100 ■ 

Avg. 
tumor 
size 
• (g) 

Exp. 
tumor, 
control 
= 100 

17 (eojitroiy 99-100 

397 

105 

11.8 -x-l.S 

100 

1.0 .4 

. 100 

17 

96-97 

392 

145 

10.1 -1- 1.2 

85.6 

.6 -e .2 

GO 

17 

103-104 

390 

55 

10.4 ± 1.0 

88.1 

.5 ± .3 

50 


tumor frequently occurs in the egg together 
with an anemic undersized chick embryo. It 
appears, that the relation of the chick embryo 
to , the tumor implanted in its yolk sac is 
comparable to the relation of the host mouse 
to a tumor growing from a transplant. 

It seems jirobable therefore that the reduc- 


tion in size of the egg-grown tumors in re- 
sponse to temperature level above and below 
99-100°F was a direct effect. . Further, the 
data indicate ,that the egg-cultivated tumors 
are more sensitive to this factor than the sup- 
porting embryos. 
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The Tuberculin Reaction. I. Passive Transfer of Tuberculin Sensitivity 
with Cells of Tuberculous Guinea Pigs.^f 

Waldemar F. Kxrchheimer and Russell S. Weiser. 

(Introduced by Charles A. Evans.) 

From the Department of MicrohioXogy, University of Washington School of jiledicinc, Seattle, 

Wash. 


It has been established that the “tuberculin 
type” of sensitivity is distinct from the ana- 
phylactic or Arthus type of sensitivity and 
from the atopic type of sensitivity dependent 
upon Prausnitz-Kiistner antibody.^'® Although 

* Tills work -was supported by a grant from tbe 
Alice jMcDermotfc Eeseareli Eoundation of tbe 


University of Wasbington. 

f Tile term sensitivity is used tbrougiiout this 
article in preference to the more commonly used 
term bj-persensitivity. 

1 Holst, P. M., Tubercle, 1922, 3, 337. 

- Eicii, A. E., Lewis, M. B., Bull. Johns Hopkins 


Hosp., 1932, 50, 115. 

3Eicb, A. K., The Pathogenesis of Txthcrculosis, 
n 412, Charles Thomas, Springfield, 111., 1944. 

\ Aronson, J. D., J. Immunol., 1933, 1. 

SMoen, J. K., nnd Swift, H. E., J. Fxp. lied.. 


1930, 04, 339. 

c Heilman, D. H., Feldman, W. H., and -tann, 
F. C., Am. Bcv. Tub., 1944, 50, 344. 


it is probable that the tuberculin type of 
sensitivity depends upon an antibody, the 
existence of such an antibody has not been 
established with certainty. 

That tuberculin type sensitivity is depend- 
ent upon antibody is indicated by the similar- 
ities it shows to other sensitivities known to 
be dependent upon antibody, namely, sim- 
ilarities relating to specificity, incubation 
time, desensitization, anamnestic reaction, 
and the correlation between the ability of 
various animal species to form ordinary anti- 
body and to dev'elop tuberculin sensitivity. 
Supporting evidence is also provided by the 
observation that blockage of the reticulen- 
dothelial S 3 'stem which depresses the forma- 
tion of ordinary antibody to an injected 
protein, likewise suppresses the development 
of tuberculin sensitivitj’.' In addition, it has 
been found that the use of adjuvants such as 
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petroleum jelly (Petrolatum) and paraffin 
oil, enhances the ability of heat-killed ilfyco- 
baclerium tuberculosis to engender the devel- 
opment of tuberculin sensitivity®’® and, in 
like manner, of protein antigen to engender 
ordinary antibodyd® 

Many attempts have been made to ac- 
complish passive transfer of tuberculin sens- 
itivity."’’^'®® It is notable that in the few 
reports where success has been claimed the 
results have been for the most part irregular 
and difficult to reproduce. In many instances 
adequate controls were not included or recog- 
nition apparently given to the difference be- 
tween the true tuberculin reaction and the 
Arthus and anaphylactic reactions. 

Helmholz'^ reported successful homologous 
passive transfer of tuberculin sensitivity with 
the defibrinated blood of tuberculous guinea 
pigs. 

• BaiP® also reported homologous passive 
transfer of tuberculin sensitivity by the intra- 
peritoneal injection of ground uncaseated 
spleen, liver and lymph glands of tuberculous 
guinea pigs. When the recipient animals were 
given Old Tuberculin 24 hours later by the 

r Freund, J., J. ImmuuoL, 1926, 11, 383. 
s Saenz, A., C. I?. Soc. dc bio!,, 1933, 120, 870. 

9 Freund, J., C.asals-Ariet, J., and Genglioff, 
D. S., J. Immtitwl., 1940, 38, 07. 

10 Freund, J., .and McDermott, K., Pnoc. Soc. 
Exr. Bioi., .CSD Med., 1942, 41), 548. 

11 IlelmhoUz, II. F., Ztsch. Ivimunilats/orschff., 
1909, 3, 371. 

12 Bail, O., ibid., 1909, Orig. lY, 1, 470. 
la.Toscph, K., Sell- Klinil: <lcr Tuber/:, i-on 

Brnucr, 1910, 17, 401. 

II Onaka, M., Z. Immunitatsfor.'sehff., 1910. 5, 
264. 

l.i Onaka, M., ibid., 1910, 7, 507. 
iC' Kraus, R., Locwenstcin, E., and Yolk, R., 
tVnI. fur Balt., 1911, 1, 301. 

ir Massol, E.. Breton, M., and Bruyant, L., C. J.’. 
.Vor. dr bin/., 1913, 74, 185. 

19 Zinsser, 11., and Mueller, .T. 11.. ,T. Krp. Mrd., 
192."., 4 1 , 159. 

i» Hanks, .1. H., ,T. Immuunl.. 1935, 28, 105. 

20 Dienes, L., and Sckoenlicit, E. IV., Pnoc. Soc. 
Esr. Biot,. .KKD Mei>., 1926, 24, 32. 

21 Dienes, E., .7. Immunol, 1927, 14, 43. 
22niafe, .IE tv., Pnoc. Soc. Ext'. Biot., and 

Mkii., lOI.'i, of), 134. 


intraperitoneal, subcutaneous, and intra- 
pleural routes, most of the animals died tvithin 
28 to 31 hours. Bail attributed this to the 
systemic tuberculin reaction. Control animals 
given the ground spleen and liver of non- 
tuberculous donors and injected with O.T. 
in the same manner survived. Cutaneous 
sensitivity was absent in the recipient ani- 
mals. However, this is not surprising since 
the animals were in a very weakened con- 
dition and may have been nonspecifically 
non-reactive. 

Joseph,’® who attempted to repeat Bail’s 
e.xperiments concluded that the results ob- 
served by the latter did not prove passive 
transfer of tuberculin sensitivity. This was 
based on the observation that the tissue 
preparations of the donor tuberculous animals 
were in themselves very toxic. He assumed 
that the additional toxicity of the tuberculin 
injected may have been sufficient to kill the 
recipient animals without the true tuberculin 
reaction being involved. 

Onaka”-’® confirmed the observations of 
Bail and of Helmholz but did not agree with 
the conclusions drawn by the latter. 

Massol, Breton and Bruyant’" reported 
homologous passive transfer of ttiberculin 
sensitivity with the citrated blood of tuber- 
culous guinea pigs. They employed the tech- 
nique of reversed passive transfer and used 
increases in body temperature as an index 
of tuberculin sensitivity. 

Zinsser and Mueller’® reported irregular 
success with heterologous passive transfer 
of tuberculin sensitivity to guinea pigs with 
the serum of tuberculous rabbits. In success- 
ful cases cutaneous reactions could be elicited 
3 days following the transfer. However, pos- 
itive results were infrequent and could not 
be reproduced at will. 

Freund’ failed to accomplish homologous 
local passive transfer of tuberculin sensitivity 
by use of blood serum and organ extracts of 
tuberculous guinea pigs. 

Chase— has recently accomplished homo- 
logous passive transfer of tuberculin sensitiv- 
ity in guinea pigs with living cells. The funda- 
mental importance of this finding cannot be 
oxeremphasized. It provides the strongest 
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evidence, thus far presented, that tuberculin 
sensitivity depends upon antibody and is 
not the result of some unknown mechanism 
capable of simulating antigen-antibody re- 
actions. 

Holst^ observed that tuberculin exerts a 
toxic action on leucocytes derived from tuber- 
culous animals as evidenced by decreased 
phagocytic power and loss of differentiation 
between nucleus and cytoplasm. He clearly 
established the difference between tuberculin 
sensitivity and sensitivity due to ordinary 
antibody by demonstrating that horse serum 
does not exert an in vitro toxic action on 
the leucocytes of guinea pigs sensitized to that 
antigen. 

Rich and Lewis- observed that tuberculin 
is toxic to the cells of tissue cultures prepared 
from tuberculin-sensitive animals. Their work 
was confirmed by Aronson,-® who noted that 
^e toxic effect of tuberculin on tissue cultures 
is highly "specific. 

Aronson'* made the additional observation 
that in contrast to this susceptibility of tuber- 
culin-sensitive tissues, tissue cultures from 
Arthus-sensitive animals are unaffected by 
specific antigen. This was later confirmed by 
Rich.®* 


Knowledge of the cytotoxic effect of tuber- 
culin on cultured cells derived from tuber- 
culin-sensitive animals has been greatly ex- 
tended by the studies of Moen and Swilt^ 
and Heilman, Feldman and Mann.® _ 

The present report is the outcome of some 
of our initial studies on the nature of the 
tuberculin reaction. The plan of our investiga- 
tions necessitated the passive transfer of 
tuberculin sensitivity. Hence, preliminary 
trials were made to accomplish passive trans- 
fer by the method reported by Chase.®® In 
the earliest of these trials, it became apparent 
that success may be irregular, due in all 
probability to as yet unrecognized factors. 

Experiments. The methods employed were 
essentially the same as those used by Chase,®® 
except that in some of the experiments the 
donor guinea pigs were subjected to a super- 


eiBich, A. E., The 0 / 

, 409, Charles Thomas, SpriagficW, HI., 1-44- 


imposed infection noth the B.C.G. strain of 
M. tuberculosis. The' animals were secured 
from local sources and were of unknown pedi- 
gree. They averaged approximately 600 to 800 
g in weight. In the first experiments, sensitiza- 
tion of the donors was accomplished by the 
subcutaneous injection of 2S mg (wet weight) 
of heat-killed M. tuberculosis H37 Rv in 
paraffin oil. In some of the subsequent ex- 
periments, the animals were sensitized by the 
injection of heat-killed organisms followed 
several months later by the intraperitoneal 
injection of 0.5 mg of living B.C.G. and in 
others by a single intraperitoneal injection of 
5 to 10 mg of living B.C.G. 

Five to 9 weeks following the sensitizing 
injections, the animals were skin-tested and 
the most highly sensitive animals injected 
intraperitoneally with 30 ml of sterile paraf- 
fin oil. Forty-eight hours later, the animals 
were killed and the cells of the resulting 
exudate were collected, washed in guinea pig 
serum-Tyrode solution and injected intra- 
peritoneally into normal mature light-skinned 
recipient animals. Approximately 90^ of the 
cells were alive as indicated by supravital 
staining with neutral red and consisted of 
approximately 10^ polymorphonuclear cells, 
47% lymphocytes, and 42% large mono- 
nuclear cells. Washed cells of the buffy coat 
of the minced spleens were injected intra- 
peritoneally into other recipients. Each re- 
cipient received either the pooled peritoneal or 
splenic cells of from 2 to 8 donors. The cell 
volumes transferred to each recipient ranged 
from 0.4 to 1.0 ml. Control recipient animals 
received similar preparations from donor con- 
trols which had been given a “sensitizing” 
injection of paraffin oil without tubercle 
bacilli. 

Fort 3 ^-eight to 72 hours after cell transfer, 
all animals, including a set of normal controls, 
were skin-tested with O.T. in dilutions rang- 
ing from 1:10 to 1:100 or with deglv'cerinated 
O.T. employing the lowest dilution which 
failed to give a reaction in normal animals. 

A total of 48 donors and 18 recipients were 
used in the various e.xperiments. The results 
of the first e.vperiment, in which donors sen- 
sitized with heat-killed tubercle bacilli were 
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used, were negative except for a slight re- 
action in one recipient. The reaction in this 
animal became apparent after 12 hours and 
reached its height by 24 hours at which time 
it presented a 15 mm area of 2-|- erythema 
and edema. 

A careful consideration of this trial led 
us to believe that the most probable cause for 
our lack of success was that the strain of 
donor animals we used possessed a low ability 
for developing sensitivity. They showed 4-|- 
reactions to 1; 100 O.T. but only reactions 
to 1:100 O.T. 

In an effort to render the donors more 
sensitive we next sensitized the animals with 
either heat-killed M. tuberculosis H37Rv and 
living B.C.G. or living B.C.G. alone, as out- 
lined above. The majority of these animals 
developed a strong sensitivity. They reacted 
to 1:1000 O.T. with extensive necrosis and 
gave positive reactions to deglycerinated O.T. 
with dilutions of 1:40,000 and higher. The 
yield of peritoneal cells from these donors 
was about double that of the donors sensitized 
with heat-killed tubercle bacilli. Most of the 
recipients that received cells from these ani- 
mals gave positive reactions to tuberculin. 
The reactions in animals sensitized with peri- 
toneal cells were strong and of a typical 
tuberculin type. They were commonly nega- 
tive for the first 10 hours, became fully devel- 
oped by about the 30th hour and consisted 
of 15 mm areas of 3-f erythema, edema and 
induration, with a sharp central 5 mm zone 
of ischemic blanching. The reactions usually 
began to fade by the 40th to 50th hour, but 
were still apparent at 72 hours or longer. 
In several instances the early reactions were 
so intense that necrosis was anticipated but 
never developed. Intense reactions were elic- 
ited with dilution of O.T. as high as 1:100. 

The animals that received splenic cells were 
usually less sensitive. They gave tj'pical but 
less intense tuberculin reactions which lacked 
central blanching and faded earlier. The skin 
tests of most of the control animals were 
negative. The few controls which reacted 
presented small areas of 1 -f erx’thema and 
edema whidi clearly differed from the re- 
actions of the test anim.ils by fading earlier 


and being devoid of central blanching. Fading 
was evident by the 24th hour and complete 
by the 48th hour. 

The transferred cutaneous sensitivity was 
of short duration. Skin tests made 5 days after 
cell transfer were negative. 

A preliminary attempt was made to elicit 
the systemic tuberculin reaction in two of 
the recipient animals by the intraperitoneal 
injection of 2 ml and 0.6 ml of O.T. respective- 
ly. The material was prepared for injection 
bj' dilution with several volumes of physio- 
logical saline. The animals reacted with a 
delayed type of shock which came on after 
about 3 hours. They were in severe shock by 
the 8th hour. The animal that received 2 ml 
of O.T. was dead at 24 hours and the other 
animal recovered. A second similar dose of 
O.T. administered to this animal 24 hours 
after the first was without effect. Normal con- 
trol animals that were similarly injected re- 
mained unaffected. 

Discussion. As Chase has emphasized, the 
successful passive transfer of tuberculin sen- 
sitivity in the guinea pig apparently depends 
upon the transfer of a large number of living 
leucocytes from highly sensitive donor ani- 
mals. 

A question of much interest and importance 
is whether an antibody is involved and ivhat 
its nature may be. If an antibody is respon- 
sible for reactions to tuberculin, it is impor- 
tant to e.\-plain the apparent sessile e.xistence 
of this “tuberculin antibody.” Perhaps one 
of its properties is that it is avidly absorbed 
by tissues. This could account for its wide 
distribution and apparent sessile existence 
since the quantity of antibody in the circula- 
tion may thus be kept at such low levels as 
to be undetectable. .A less-likely alternative 
is that all cells exhibiting sensitivity are ca- 
pable of forming the antibody which remains 
fixed in the cells. 

There appears to be little doubt that the 
transfer accomplished in the present e.xperi- 
ments was passive and not active because of 
the short incubation period and transient na- 
ture of the sensitivity. In fact, the duration 
of tuberculin sensitivity for only a few da!ys 
is so much shorter than the Arthus. anaphy- 



no 


X-sAY Irradiation on Synovial Fluid 


lactic and Prausnitz-Kustner sensitivities as 
to indicate that a different and perhaps quite 
labile antibody must be concerned. The fact 
that passive transfer of tuberculin sensitivity 
has been accomplished only with living cells 
and only after an incubation period of two 
to three days suggests that the sensitivity may 
be principally due to antibody elaborated by 
such cells during their residence in the re- 


cipient rather than to preformed antibody. 

Summary. Homologous passive transfer of 
tuberculin sensitivity was accomplished with 
the peritoneal and splenic cells of guinea pigs 
infected with the B.C.G. strain of Mycobac- 
terium tuberculosis. 

The possible mechanism and factors in- 
volved in passive transfer of tuberculin sen- 
sitivity are discussed. 
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Effects of X-ray Irradiation on Viscosity of Synovial Fluid. 

Charles Ragan, Charlotte P. Donlan, James A. Coss, Jr, and Audrey F. Grubin. 

. (Introduced by R. F. Loeb.) 

From Vie Departments of Medicine and Jtadiology of the Coilege of PhgsicUtns and Surgeons, 
Columbia University, and the Fdward Daniels FavlJcner Arthritis Clinic of the Presbyterian 

Hospital, New Yorh. 


The treatment of arthritis by X-rays advo- 
cated in the European^ and English- litera- 
ture since 1930 is difficult to evaluate. How- 
ever, in 1941, Smyth, Freyberg and Peck® 
demonstrated conclusively that a favorable 
response to X-ray therapy is obtained in an- 
kylosing spondylitis. Many confirmatory re- 
ports have followed this observation.'* The 
mechanism whereby improvement follows 
roentgenotherapy in such cases is not ap- 
parent. 

Recently, tw'o papers"’® have appeared de- 
scribing a reduction in the viscosity of thy- 
monucleic acid after irradiation, depending in 
degree upon the total X-ray dosage given. 
This is in agreement rvith the principles out- 

IKalilmeter, G., Srit. J. Actinotlierapy, ISSO, 


5, 93. 

■'2 Seott, S. G., Froc. Foy. Soc. Med., 1932, 25, 
■ 

s Smytli, C. J., Freyberg, E. H., .md Peck, IV. S., 
J. A. M. A., 1941, lie, 1995- 
4 Kubns, J. G., and Morrison, S. L., AL N. J. 
Med., 1946, SSo, 399. 

c Sparrow, A. H., and Eoscnfeld, F. M., Science, 

^Tlay^’, B.!’Grecnstein, J. P-, and HoIIacnder, 
A., Science, 1947, 105, 263. 


lined by Colwell’ in his review of work dating 
from 1912, to the effect that a diminution in 
viscosity of organic colloids such as egg-white, 
serum and starch followed exposure to X-ray. 
The reason such a change occurs is still not 
dear. In the case of thymonucleic acid,® 
evidence was presented that the change in- 
duced by X-radiation did not involve a split- 
ting of primary linkages or a rearrangement 
of the configuration which made it susceptible 
to enzymatic attack. 

The viscosity of normal human synovial 
fluid is very high.®’® The viscosity of Joint 
fluids obtained from the knees of patients 
with rheumatoid arthritis tends to be greater 
in the chronic than in the acute stage, and to 
approach the viscosity of normal synovial 
fluid.*® 

The present study records obsen^ations 
which show that irradiation of joint fluids 

< Colwell, H. A., The Method of Action of Fa- 
dium and X-rags on Living Tissue, O-tford Hniv. 
Press, 1935. 

a Schneider, J., Biochem. Z., 1925, ICO, 325. 
o Ragan, C., Pr.oc. Soc. E.vp. Bron. am) Med,, 
1940, OS, 572. 

10 Hnpublishcd obscrv.'ition. 
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PERCENTAGE OF 
RELATIVE VISCOSITY OF 
IlOH-mRAOlATEO FLUID 



TIME OF EXPOSURE TO JRRAOIATION IN MINUTES 

Fig. 1. 

Effect of X-ray irradiation on viscosity of joint 
fluid and Na hyaiuronate solutions. 

diminishes their viscosity and that the de- 
crease bears a direct relationship to the 
amount of irradiation. 

Methods. Relative viscosity Tvas measured 
in S cc Ostwakl viscosimeters in a water bath 
at 21±1‘’C. Total protein concentrations of 
the synovial fluid were determined with a gra- 
dient tube method.®-'^ The amount of hya- 
luronic acid present was measured by a tur- 
bidimetric method*- similar to that described 
by Seastone.*** Irradiation was furnished by 
a Phillips contact machine delivering 9290 
r/minute. hlaterial to be irradiated was 
placed in a 50 cc glass centrifuge tube in con- 
tact with the treatment tube of the X-ray 
machine. The average roentgen delivery' to 
the fluid was 334 r/minute.* Because of the 
type of irradiation, this estimate -is only ap- 
proximate. 

The results of the irradiation of 4 patho- 

it Lowry, O. 11., .and Iluntcr, T. II., J. JSioJ. 
CItem., 1045, 150, 405. 

)■- Meyer, K., Pfii/.vfol. itev., in press. 

ID Kass, E. H., and Scastonc, C. V., J. Exp. Med,, 
I!)44, 70, 310. 

* This was calculated with an ionlF-ation cliambcr 
in tlie fluid at 3 sites: 1. Nearest the X-ray tube. 
2. In the center of the centrifuRc tube. 3. At the 
side the greatest distance from the X-ray tube. 
The results of the three readings were averageil. 


logical knee joint fluidst are shown in Fig. 1. 
Their relative viscosities were 214, 59.4, 42.7 
and 22.S' x HoO. When these were plotted 
against time of exposure, the correlation be- 
tween the time of irradiation and the per- 
centage decrease in viscosity was good. 

The effect of irradiation on solutions of 
pure sodium hyaluronate* of varying concen- 
trations was less than the effect on joint fluid 
(Fig. I.). Upon irradiation of the pure solu- 
tions, no increase in titratable acidity above 
that of the unirradiated controls was demon- 
strable, which would imply that there was 
no oxidative degradation. In irradiated joint 
fluids, no appreciable decrease in the amount 
of hyaluronate was detectable turbidimetri- 
cally nor was there any change in the total 
protein content of the fluid (Table I.). A 
small difference in the enzymatic hydrolysis 
of the irradiated and control samples was de- 
tectable viscosimetrically. The halFtime for 
the irradiated sample was 14.5 minutes, and 
of the control 17 minutes, when equal 
amounts (0.05 mg equal to 7 viscosity reduc- 
ing units) of bull testis hyaluronidase -were 
used. From this one may assume that no 
profound change in the hyaluronic acid mole- 
cule had occurred. 

An effort was made to detect the continu- 
ing fall in viscosity on standing after irradia- 
tion, as described by Taylor et of.® for thymo- 
nucleic acid. Some indication of this was seen 
in the preparations of pure hyaluronate, but 
not in the joint fluid preparations. 

Discussion. Irradiation causes a decrease 
in viscosity of joint fluid. It was impossible 
to determine the exact amount of irradiation 
delivered under our conditions, but the de- 
crease bore a direct relation to the time of 
exposure. The manner in which the mole- 
cule is changed is not clear from these obser- 
vations. That purified hyaluronic acid is 

1 Two of tliD fluids wore obt.Tinc(l .Tt different 
times from a patient with rheumatoid artliritis. 
One was obtained from a patient witli an undi.ag- 
nosed .artbrili.s of tlic knees, possibly .as.'oeiated 
with lymphogranuloma inguinale. One was a pooled 
sample containing knee joint fluid from several 
patients with rheumatoid artliritis. 

J Obtained from Pr. K. Meyer. 
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lactic and Prausnitz-Kustner sensitivities as 
to indicate that a different and perhaps quite 
labile antibody must be concerned. The fact 
that passive transfer of tuberculin sensitivity 
has been accomplished only with living cells 
and only after an incubation period of two 
to three days suggests that the sensitivity may 
be principally due to antibody elaborated by 
such cells during their residence in the re- 


cipient rather than to preformed antibody. 

Sinmnary. Homologous passive transfer of 
tuberculin sensitivity was accomplished with 
the peritoneal and splenic cells of guinea pigs 
infected with the B.C.G. strain of Mycobac- 
feritm tuberculosis. 

The possible mechanism and factors in- 
volved in passive transfer of tuberculin sen- 
sitivity are discussed. 
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Effects of X-ray Irradiation on Viscosity of Synovial Fluid. 

Charles Ragan, Charlotte P. Donlan, James A. Coss, Jr. and Audrey F. Grubin. 

, (Introduced by R. F. Loeb.) 

From the Departments of Medicine and Ttadiolopy of the College of Physicians and Surgeons, 
Columbia University, and the Fdtvard Daniels Fatdkner Arthritis Clinic of the Presbyterian 

Hospital, Nexo Torh. 


The treatment of arthritis by X-rays advo- 
cated in the European^ and English- litera- 
ture since 1930 is difficult to evaluate. How- 
ever, in 1941, Smyth, Freyberg and Peck^ 
demonstrated conclusively that a favorable 
response to X-ray therapy is obtained in an- 
kylosing spondylitis. Many confirmatory re- 
ports have followed this observation.* The 
mechanism whereby improvement follows 
roentgenotherapy in such cases is not ap- 
parent. 

Recently, two papers®'® have appeared de- 
scribing a reduction in the viscosity of thy- 
monucleic acid after irradiation, depending in 
degree upon the total X-ray dosage given. 
This is in agreement with the principles out- 

IKahlmeter, G., Frit. J . Actinoiherap ^ tOSO, 


S, 03. 

■2 Scott, S. G., Proc. Soy. Soc. Med., 1.932, 35, 


ol'i; • 

3 Smytli, C. J., Freyberg, B. ll., and Peck, W. S., 
J. A. M. A., 1941, 

4 Kulws, J. G., and Morrison, S. L., F. E. J. 

^fs;:i^'^:^ndPosen.id,P.^ 

Tay^r, a! Greenstein, J. P., Hollaenaer, 
A., Science, 1947, 105, 263. 


lined by Colwell' in his review of work dating 
from 1912, to the effect that a diminution in 
viscosity of organic colloids such as egg-white, 
serum and starch followed exposure to X-ray. 
The reason such a change occurs is still not 
dear. In the case of thjTOonucleic acid,® 
evidence was presented that the change in- 
duced by X-radiation did not involve a split- 
ting of primary linkages or a rearrangement 
of the configuration which made it susceptible 
to enzymatic attack. 

The viscosity of normal human synovial 
fluid is ver}'^ high.*'® The viscosity of joint 
fluids obtained from the knees of patients 
with rheumatoid arthritis tends to be greater 
in the chronic than in the acute stage, and to 
approach the viscosity of normal synovial 
fluid.'® 

The present study records observations 
which show that irradiation of Joint fluids 

r Coln-elJ, H. A., The Method of Action of Ea- 
ditim and X-rays on Living Tissue, Oxford Univ. 
Press, 1935. 

8 Schneider, J., Biochem. Z., 1925, 100, 325. 
oBngan, C., Pnoc. Soc. Esr. Bror.. a.vd AIed., 
1940, «.% 572. 

10 UnpuWi.shed obserrafion. 



173 


16024 

Lack of Effect of Secondary Liver Extract (No. 55) on Absorption of 

Radioactive Iron.*' 

P. F. Hahx, C. W. Sheppard, and Ella Lea Carothers. 

From the Department of Biochemistry, VanSerhilt Vnirersity 21edical Schooi, Fashviile, Tenn. 


Introduction. It has long been recognized 
that in anemias due to chronic hemorrage, 
either experimental or pathological, iron is 
efficient in the restoration of the normal blood 
picture. An inability on the part of the bod}”^ 
to form enough of the porphyrin fraction of 
the hemoglobin molecule has never been 
established, even under the most stringent 
conditions. It is 'with extreme difficulty^ that 
one can demonstrate the limitation of hemo- 
globin production under experimental condi- 
tions through the lack of protein for the for- 
mation of the globin part of hemoglobin. 
That other factors are involved, however, in 
the production of hemoglobin or the stimulus 
to its production, is suggested by the fact that 
WTiipple, Robscheit-Robbins, and Walden 
were able to show- that a liver fraction other 
than that most active in the treatment of per- 
nicious anemia was capable of causing new 
hemoglobin formation. That the effect was 
not due to the iron content alone was sug- 
gested by the observation that there seemed 
to be “summation response” when this ex- 
tract and iron were given in combination as 
contrasted to the administration of either 
alone. 

This liver fraction, called the secondary' 
anemia fraction, or No. 55 fraction, contains 
that part of the liver material insoluble in 
70% alcohol as distinguished from the “per- 
nicious anemia fraction” (No. 343 fraction). 

It seemed of interest to determine whether 
or not there was a possibility that such a 
fraction might be involved in the augmenta- 
tion of iron uptake from the gastro-intestinal 

• Tliw work w.ns enrried out under .1 gr.nnt from 
the Nutrition Foundation. 

> Halm, I’. F., and AViiippIc, G. II., .T. Exp. Med., 
1P39, CO, 315. 

- Wliipplo, G. n., liobscheit-Ilob'bins, F. S., and 
Watden, G. 15., .Itn. J. J[ed. Sci., 1530, 170, GgS. 


tract. With the availability of the sensitive 
means of determining uptake, using iron 
tagged with the radioacti%-e isotope Fe^®, one 
is proi'ided with a tool with which such an 
effect could easily be tested. That this “sum- 
mation effect” is due to an increase in the 
absorption of iron from the gastro-intestinal 
tract seems to be pretty well ruled out by 
the following e.xperiments. 

Methods. The subjects studied were 11 
normal women, laboratory' technicians or sec- 
retaries, ranging in age from 21 to 45 years. 
In addition, 1 patient, who had had repeated 
massive hemorrhage due to duodenal and gas- 
tric ulcers, was included. The subjects were 
divided into 2 groups, half receiving at the 
first feeding iron tagged with the radioactive 
isotope alone and the other half recemng the 
same dosage level of tagged iron, plus 5 g of 
liver extract No. 55.t Two weeks after the 
feeding a single sample of whole blood was 
drawn into ammonium and potassium oxalate, 
and this was divided into duplicate samples 
for estimation of radioactivity content of the 
red blood cells. .At this time those subjects 
who had received iron alone were then given 
the same dosage of iron plus the liver extract, 
and that group -which had received both iron 
and extract were given iron alone. Two weeks 
later the blood was sampled again, and feed- 
ing reverted to the original program as of the 
first e.xperimental period. In this wa\’ each 
subject acted as his ovm control. 

The radioactive iron was purified as de- 
scribed elsewhere' in order to eliminate con- 
tamination due to traces of radioactive co- 
balt, manganese, zinc, nickel, copper, indium, 
etc. The iron isotope used was a cyclotron 

f The No. 53 Liver Extract fraction was pro- 
vided tlirough the eourtesv of Dr. W. W. Davis of 
the Eli Lillv Companv. 

3 Hahn, P. F., fad. ond Enp. Chem., 1543, 17, 45. 
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TABLE 1. 

Effect of X-raj- Irradiation on Eclative Viscosity, Hyaluronic Acid Concentration, and Total 

Protein Content of Joint Fluid. 


Joint fluid 

Time exposed to 
irradiation 
(min) 

Belatire 

viscositv 

X Hod 

Total 

protein, 

% 

Hj-alurouic 

aeid 

(mg per cc) 

E.E. of 6/18/46 

0 

214 

4.8 

0.24 


o 

200 

4.9 

0.26 


7 

151 

4.9 

0.25 


11 

111 

4.9 

0.24 

Pooled 

0 

22.5 

, 4.9 

0.22 


2 

19.2 

4.9 

0.21 


6 

16.9 

4.9 

0.22 


12 

12.7 

4.9 

0.22 

B.B. of 3/12/47 

0 

42.7 

5.0 

0.16 


3 

37.4 

5.0 

0.16 


8 

26.1 

5.0 

0.16 


14 

20.5 

5.0 

0.16 

.1 


never as viscous as joint fluid of equal hya- 
luronic acid concentration^- has been attri- 
buted to the presence of secondary valences 
in the native material which are broken on 
purification. The greater susceptibility to ir- 
radiation of joint fluid, as compared with that 
of solutions of hyaluronate, would suggest 
that these secondary valences may primarily 
be attacked by the X-rays. The hyaluronic 
acid in irradiated joint fluid is still suscep- 
tible to enzymatic hydrolysis and thus irradia- 
tion did not cause a profound change in the 
hyaluronic acid molecule. Although the 
amount of irradiation delivered is beyond the 
physiological range, it is possible, neverthe- 
less, that this effect may be one of the factors 
which come into play in the response of patho- 
logical joints — peripheral and spinal to ir- 
radiation. The widespread presence of the 
viscous acid mucopolysaccharides of this 


group throughout the connective tissue of the 
organism may make this an important factor 
in the response of many tissues to roentgeno- 
therapy. 

Coitcli(sions. 1 . The viscosity of joint fluid 
is decreased by exposure to X-rays, the de- 
crease in viscosity being directly proportional 
to the amount of irradiation. 2, The viscosity 
of pure hyaluronic acid solutions is decreased 
less by the action of X-rays than is the vis- 
cosity of joint fluid. 3. Joint fluid is as sus- 
ceptible to the enzymatic action of bull testis 
hyaluronidase in the irradiated sample as in 
the control. No increase in titratable acidity 
follows irradiation of pure hyaluronate solu- 
tion, indicating that the reduction in viscosity 
probably does not result from oxidative deg- 
radation. 4. The possible physiological im- 
plications are discussed. 
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in one possibly important matter in that they 
represented the feeding of single small doses 
of tagged iron; whereas, the work done on 
dogs by the other investigators represented 
daily feedings of iron and liver extract over 
several weeks periods. Recently Granick'' 
has shown that the ferritin of the gastro-in- 
testinal tract increases following the feeding 
of iron. Thus we must keep in mind the pos- 
sibility that the, body may adapt itself to the 
absorption of larger amounts of iron through 
some as yet unknown mechanism for the pro- 
duction of the material which itself is prob- 
ably concerned with iron absorption. 

It is important also to keep in mind the 
fact that the experimental standard anemic 
dogs used by Whipple and Robscheit-Robbins 
in their classical e.xperiments on factors in- 
volved in hemoglobin regeneration are not 
simple “iron deficiency” experimental ani- 
mals. The iron content of the salmon-bread 
diet fed these animals is adequate for normal 
growth and maintenance, but probably not 
sufficient to provide for the increased de- 
mands imposed by the necessity of removal 
of large amounts of blood occasioned by feed- 
ings of active supplements. Since it has been 
shown, as mentioned earlier, ^ that under cer- 
tain circumstances restriction of proteins may 
cause a lowered ability to form sufficient 

5 Granick, S., J. Swl. C/icm., 1940, 1C4, 737. 


hemoglobin in experimental hemorrhagic 
anemia in dogs, it is possible that under the 
conditions of the experiments cited by Whip- 
ple, Robscheit-Robbins, and Walden that 
there was a more complicated deficiency in- 
volved, in which more than one factor or two 
interrelating factors were involved. 

Whatever the explanation may be as to the 
different results obtained under these widely 
various sets of conditions, it is apparent that 
any influence on hematopoiesis exerted by 
liver extract No. SS is not one which acts 
through its ability to augment the absorption 
of the iron from the gastro-intestinal tract. 

Summary. Iron tagged with the radioac- 
tive isotope Fe^® was fed with and without 
supplements of liver extract No. 55 to a group 
of 11 normal adult women. There w’ere no 
obvious differences in the absorption and 
utilization of iron when this material was 
given alone or in conjunction with the “sec- 
ondary anemia fraction of liver.” In one case 
of human iron deficiency due to multiple acute 
and chronic hemorrhage there was also no 
difference in the absorption of iron as indi- 
cated by this method. 

The “summation response” described by 
Whipple, Robscheit-Robbins and Walden 
is apparentl}' not related to the effect of the 
secondary liver extract on absorption oj iron 
in the gastro-intestinal tract. 
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The Influence of Oral Saccharin on Blood Sugar. 

Ernest Run* and Istvan Horvath. (Introduced by E. hi. K. Gelling.) 
From the Department of Pharmocotogy, XJnivcrsitg of BiirJapcsl. 


The purpose of this investigation was to 
determine whether or not sweet taste as a 
netv'ous sensation has an effect on carbohy- 
drate metabolism. It was found that sac- 
charin, a substance of intensely sweet taste, 
can cause a decrease in blood sugar, presum- 

• Present address: Department of Pharma- 
cology, University of Clxicago. 


ably through the reflex liberation of insulin. 

Methods. ..Saccharin (Sodium salt o-ben- 
zoic-acid-sulfimide) was given to human sub- 
jects in doses of 0.05 g in 80 ml water. In 
one group of experiments the effect of single 
doses, and in another group the effect of re- 
peated doses of saccharin solution was fol- 
lowed. 
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Effect of Concomitant Feeding of Secondary Liver Extract (No.’ 55 Fraction) on Absorption of 
Iron Tagged TYith. the Badioactive Isotope Fe59. Dose of Fe = 39 mg.* 


Subiect 

Wt 

kgra 

RBC 

Hct.% 

Uptake of tagged iron in % of administered 
dose when fed 

Fe Alone . 

Fe -f- Liver 

Fe Alone 

Fe -F Liver 

E. C. 

48.6 

43 

9.1 

7.8 

7.9 


P. J. 

48.2 

42 


4.1 

6.4 

0.7 

B. R. 

S3.S 

44 

1.4 

1.4 

3.9 


M.'C. 

50.4 

44 


5.3 

9.9 

7.1 

D. R. 

49.2 

38 

5.0 

3.0 

3.7 


J. C. 

44.6 

41 


2.1 

1.7 

1.2 

I. L, 

39.7 

43 

5.1 

1.2 

4.2 


J.A. 

55.8 

44 


1.5 

7.4 

2.3 

M. G. 

58.9 

41 

3.6 

1.1 

3.6 


B.P. ' 

57.6 

43 


8.9 

9.8 

6.8 

H. T. 

S2.Z 

42 



4.7 

7.S 

C.P. 

■ 73.6 

22 

49.0 

47.0 


. 


* Except Subject C.P. rvlio received 25 mg. 


prepared product, Fe®®, made by the d-p re- 
action on Fe®®. The blood withdrawn was 
centrifuged in graduated IS ml tubes in a 
type 1 International standard 8 unit head for 
35 minutes at 2800 r.p.m. or more. The plas- 
ma was discarded following reading of the 
hematocrit value, and the red cells washed 
into Pyrex beakers, dried, ashed in a muffle 
furnace at 62S°C, and the resulting iron elec- 
troplated as described elsewhere.® Radio- 
activity measurements were made, using a 
thin mica window, argon filled bell type Gei- 
ger counting tube, in conjunction with M.I.T. 
counting rate meter. The assumption was 
made that all iron absorbed was utilized, and 
the calculation of uptake was based on cal- 
culations described previously.^ 

Experimental Observations. In Table I, 
below, are summarized the results of the e.x- 
periments carried out. The iron uptakes as 
measured with the radioactive tracer varied 
in these women from to 10% of the ad- 
ministered dose. The series involved is too 
small to allow one to speculate effectively on 
the meaning of such variation. It is to be 
noted, however, that with such a wide range 
of uptake, one must interpret carefully the 
absorption of single doses of iron m attempt 
in<^ to use this technique for diagnostic pur- 
poses.® It was for this reason that th e pro- 

J. .F., Balfour, 

4 Haim, 

W. Jf., and tVbipple, G. H., 

78, 1G9. 


cedure was carried out as described above, 
where each individual would furnish a con- 
trol for each particular experiment. It is 
obvious on inspection of Table I that there 
is no enhancement of the uptake of the tagged 
iron resulting from the concomitant admin- 
istration of the secondary liver extract. If 
anything, there is a suggestion that the liver 
extract might conceivably, to a small e.xtent, 
inhibit the absorption of iron, although this 
may not be statistically significant. The 
rationale of such an inhibition might be re- 
lated to the presence of phosphates or related 
material, which act to precipitate iron in the 
gastro-intestinal tract and prevent its absorp- 
tion before it has passed beyond the stornach 
and duodenum. 

Discussion. It is of interest to note that 
the one individual who had a marked iron 
deficiency type of anemia related to repeated 
acute and chronic blood loss, patient C.P. as 
shown in the table, showed the typical high 
efficiency of absorption and utilization of iron 
which one associates with such a condition, 
and this contrasts very markedly with the 
uptakes in the normal laboratory workers and 
secretaries who made up the remainder of the 
e.vperimental group of subjects. 

It is necessary to point out that these ex- 
periments, in spite of the sensitivity of quan- 
titation attainable through the use of the 
radioactive isotopes over the technique used 
bv Whipple and Robscheit-Robbins, differed 
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TABLE II 

Blood sugar values determined at IS minute-intervals in-individuals under normal fasting conditions 
(F) and in the same individuals under the same conditions after oral administration of O.OS gm saccharin 
in 80 ml water, given in 4 equally divided doses at 10 minute intervals after O.time. Blood sugar values are 
expressed in the same way as in Table 1. 


indiv. 

Subj. 

No. 

15 min 

30 min 

45 min 

60 min 

75 min 

90 min 

105 min 

t 

F 

S 

F 

S ’ 

F 

S ' 

F 

S 

F 

S 

F 

S 

F 

S 

1. 

98.0 

100.0 

101.2 

87.2 

100.0 

SI.2 

96.2 

91.0 

95.4 

93.6 

99.3 

106.1 

98.3 

104.2 

2. 

96.0 

86.0 

104.4 

84.3 

96.2 

84.0 

95.3 

90.2 

98.0 

85.4 

105.3 

97.6 

105.1 

102.1 

3. 

101.0 

88.0 

96.0 

86.2 

98.5 

85.7 

101.0 

81.6 

96.2 

90.0 

103.7 

92.1 

102.0 

106.1 

4. 

97.0 

97.1 

100.0 

89.2 

102.2 

82.0 

103.0 

83.7 

101.0 

87.3 

96.7 

106.0 

100.1 

104.2 

5. 

98.0 

90.7 

97.4 

87.0 

97.1 

86.3 

102.7 

80.0 

97.3 

91.1 

102.0 

95.5 

97.3 

97.3 

6. 

99.2 

90.6 

98.8 

84.0 

99.0 

82.5 

100.4 

85.3 

98.0 

88.3 

104.1 

106.1 

99.3 

96.2 


M = 

M = 

M = 

M = 

M= 

M= 

M= 

M= 

M= 

M= 

M = 

M= 

M= 

*M = 


98.3 

91.0 

99.6 

86.3 

98.8 

83.5 

99.6 

84.0 

97.7 

89.2 

101.8 

100.5 

100.3 

100.1 


f = 

5.6 

■s 

D 

t = 

10.4 

f = 

6.5 

t = 

6.0 

t = 

0.4 

t = 

O.I 


and the liver. Althausen and Wewer® could 
not confirm this observation. These authors 
disregarded the relativelj' small but repro- 
ducible decrease in blood sugar after saccharin 
consumption, although according to their re- 
sults this decrease was observed. Fischer 
and Schroter” investigated the effect of sac- 
charin on human patients suffering from 
various diseases, but no control tests on 
healthy subjects were carried out. Some of 
these patients showed a decrease in blood 
sugar, but the authors attached no signifi- 
cance to this phenomenon. The small but 
significant decrease in blood sugar level can 
be seen only under circumstances in which 
all other influences are eliminated or con- 
trolled in every way possible. .•\s an e.xplana- 
tion of the obserx^ed phenomenon, it seems 
logical to think of insulin liberation, called 
forth by a nervous impulse through the sen- 
sory fibers from the taste endplates to the 

c Altli.iuscn, T. L., and AYcwcr, G. K., I’noc. Soc. 
Ext. Biol, anp Jlrj)., 1937, 33, 517. 

' Fischer, F.. and Scliroter, A., DtscJi. Med. 
Jrschr., 1935, Cl, 1354. 

s Geiger, E.. Arch. Exp. Eath. and Pharmneot., 
1.99S, 134, 317. 


vagus centers. Since Geiger’s e.xperiments® 
showed that the vagus is a secretory neri'e of 
the islets of Langerhans, it is possible that 
the efferent part of this refle.x arc is in the 
vagus. Other afferent stimuli from sensory 
organs, such as the olfactory, cause a similar 
decrease in blood sugar, as reported by Bassi 
and Pascucci,® whose obserx^ation also 
strengthens the possibility of the e.xistence of 
the above described refle.x mechanism. 

Siimmory. 1. Oral administration of an 
aqueous solution containing O.OS g of sac- 
charin caused a decrease of 12 to 16% in the 
blood sugar level of normal individuals. 
Water alone had no significant influence. 

2. The decrease of blood sugar was not 
proportional to the saccharin dosage. 

3. .Administration of the saccharin in 4 
portions during a 40 minute period increased 
the duration of hj'poglycemia. 

4. It is suggested that this phenomenon is 
due to the influence of the sweet taste, which 
ma\' act by means of a refle.x mechanism to 
induce insulin secretion. 


0 Bassi, II., and Pascucci, P.. Eass. Xcur. Verict., 
1943, S, CS. 
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. TABLE I ' 

values, determined at 10 minute intervals in individuals under normal fasting condition 
•tfen ® under the.same conditions after oral administration of 0.05 gm saccharin 

i^?P.niLlynt_er (S). Blood sugar values are expressed in terms of percentage of the blood sugar level at 0 time. 


Indiv. 

Subj. 

No. 


10 min. 


20 min 


30 min 


40 min 


,50 min 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 
g. 
9. 


96.2 

98.4 

104.2 

90.0 

98.1 

9S.1 

lOO.l 

102.4 

91.4 

97.3 

97.0 

96.2 

100.1 

93.2 

96.4 

96.6 

9S.8 

98.4 

85.1 

lOl.l 

101.4 

99.3 

97.3 

80.3 

95.2 

97.6 

102.4 

96.4 

90.1 

93.4 

104.2 

101.3 

101.3 

83.1 

95.3 

98.9 

97.7 

100.2 

92.2 

96.0 

lOO.I 

99.8 

97.0 

95.4 

97.1 


84.3 

102.1 

93.4 

9S.S 

90.1 

85.2 

96.4 

87.6 

96.2 

9S.5 

88.7 

100.1 

88.2 

103.2 

104.1 

90.3 

95.4 

95.1 

99.3 

99.1 

80.2 

98.3 

85.3 

100.1 

97.5 

78.1 

97.6 

81.1 

98.8 

93.6 

84.1 

99.4 

92.1 

92.3 

97.2 

85.3 

96.2 

98.6 

100.0 

106.9 

82.0 

97.0 

99.1 

95.4 

94.2 


M=98.8 M=99.3 M=99.6 M=^88.8 M=96.6 M =84.2 M=98.0 M=91.2 M=9S.2 M=97.9 
t = 0.S. t = S.7 t = 7.7 t = 3.2 t = 0.1S 


In the first group 9 persons were used. In 
the morning, before eating, the subjects re- 
mained in bed, and blood sugar determina- 
tions were carried out at 10 minute intervals 
for 50 minutes. Blood was. taken from the 
cubital vein and blood sugar determinations 
were done with 0.1 m! samples by an iodo- 
metric titration method.^ A fasting level was 
thus established. Each subject was then used 
at the same time the next day under the same 
conditions for the saccharin experiment. Ten 
minutes after the first blood sample was 
taken, the subject drank a solution of sac- 
charin (0.05 g dissolved in 80 ml of water). 
As standard procedure the drinking lasted for 
5 minutes. 

Results. In 5 control e.\-periments 80 ml 
water had no significant effect on the blood 
sugar. The results are given in tables where 
the blood sugar values are expressed in terms 
of per cent of the initial blood sugar level. 
This initial level was arbitrarily taken as 100. 
In Table I are .shown the changes in blood 
sugar level following a single saccharin ad- 
ministration. The means of 9 parallel e.xperi- 
ments were compared with the means of 9 
controls. The significance of the difference 
between the means was tested by calculating 
the “t” values according to Fisher.- Follow- 
ing administratio n of the saccharin solution 

1 FujitaTA., and Iwatabe, D., Bioclicm. Z., 1931^ 

E. A., SMisUcal Methods for Mcsearch 
Worlccrs, 1930, Oliver .nml Boyd, London. 


a rapid decrease in blood sugar occurred 
which ended after 30 minutes. 

The second group of 6 persons was given 
the same amount of saccharin solution as was 
^iven to Group I, but it was divided into 4 
part's which were drunk at 10 minute inter- 
vals. Blood samples were drawn at 15 min- 
ute intervals for 90 minutes. The administra- 
tion of saccharin solution in 4 parts resulted 
in the same drop in blood sugar, except that 
the hypoglycemia lasted 75 minutes. The re- 
sults of this experiment are shown in Table II. 

Disctission. A comparison of the 2 series 
of experiments reveals no quantitative cor- 
relation between the decrease in blood sugar 
and the amount of saccharin taken. Salkow- 
ski,® and Carlson, Eldridge and Foran* 
showed that saccharin has no pharmacological 
activity in the small doses used here. In both 
experiments, the sensation of intense sweet 
taste was produced and there is good reason 
to believe that this taste, and not the amount 
of saccharin was responsible for the blood 
sugar effect. It would be of interest to test 
other sweet tasting substances for this effect. 
Syllaba® reported an increase in blood sugar 
after the administration of saccharin by 
means of a gastric tube in rabbits and man. 
He suggested that this effect is due to a re- 
fle.v mechanism between the intestinal wall 

asalkowski. A., Virchows Arch., 1886, t03, 46. 
-•CarJson, J., Eldridge, .^Iul For.'iii, J. Metnhol. 
Ses., 1929, 3, 451. 

5 SylJ.it) 3 , G., Am. J. Physiol., 1929, DO, 53.5. 
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TIME AFTER INJECTION 
Fig. 1. 

Effect of sodium salicylate and dicumarol on protlirombin time in rabbits 

of dicumarol, O.S g of sodium salicylate. — Q — q — Oral; X X 

— ) — 1 g of sodium salicylate + 2 g of .sodium sulf.asuccidine orally. 


Babbit 10. 6 mg 
Intravenous; 


control). The prothrombin response of each 
rabbit to 6 mg of dicumarol and 0.5 g/kg 
of sodium salicylate tvas determined both on 
oral and intravenous administration. The 
response was also determined after the oral 
administration of 2 g of sodium sulfasuccidine 
and of 2 g of sodium sulfasuccidine plus 
0.5 g kg of sodium salicylate. The sodium 
sulfasuccidine was given in 4 divided doses 
at 9 a.m. and 4 p.m. on 2 successive days, the 
sodium salicylate being given at 2 p.m. of the 


second day. .After the experimental period of 
5 to 6 days, a period of 4 days to several 
weeks was allowed before testing the next 
dose. The responsiveness of the animals was 
checked at intervals in the course of the 
experiment with the standard dose of dicumar- 
ol intravenously. A similar series was at- 
tempted using acetylsalicylic acid but it was 
found that the dose required orally to affect 
the prothrombin time was above the lethal 
dose when given intravenously. 
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Action of Sodium Salicylate on Prothrombin Time in Rabbits.* 


L. B. Jaques and Erica Lepp. 

From the Fepartment of Physiology, University of Sas7:atchemn, Sashatoon, Canada. 


Link^ has postulated, on the basis of the 
degradation of dicumarol to salicylic acid in 
vitro, that the hypoprothrombinemic action 
of dicumarol is due to its degradation to sali- 
cylic acid in vivo. Supporting this hypothesis 
Tvas the finding of Link, Overman, Sullivan, 
Huebner, and Scheel- that single doses of 
salicylic acid administered either orally or in- 
travenously to rats maintained on an artificial 
diet low in vitamin K, caused a temporary 
hypoprothrombinemia. The increase in pro- 
thrombin time after administration of sali- 
cylates has been confirmed clinically by Rapo- 
port. Wing and Guest,® Shapiro^ and others. 
However, Link’s views on the relationship of 
the action of dicumarol and salicylate on pro- 
thrombin have not been supported. Link’s 
data indicate that salicylates have a very 
weak action in lowering prothrombin com- 
pared with dicumarol. Lester® failed to find 
salicylates in the urine after the administra- 
tion of dicumarol to rats. Stefanini and 
Petrillo® observed that the addition of sodium 
salicylate to human plasma in vitro in con- 
centrations greater than 0.2% markedly 
lengthened the prothrombin time. Clark and 
Spitalny’ have observed that other analgesic- 
antip3Tetic drugs (antipyrine, aminopyrine, 
acetanilid, acetophenetidin and cinchophen) 

* Aided by a grant from the National Eesearch 
Council of Canada. 

1 Link, K. P., Harvey Zectvre Series, 1943-4, 
39, 162. 

2 Link, K. P., Overman, B. S., Sullivan, W. B., 
Huebner, G. F., and Scbeel, L. H., d. Siol. Chem., 
1943, 147, 463. 

3 Eapoyort, S., Wing, 3t., and Guest, G., Pboc. 
Soc. Exp. Bion. and Med., 1943, 53, 40. 

* Sbapiro, S., d. Am. Med. Assn., 1944, 1223, 546. 
o Lester, D., d. Piol. Chem., 1944, 164, 395. 
c Stefanini, M., and Petrillo, E., Boll. Soc. Ital. 


have a similar action on prothrombin time, 
and that the prothrombinopenic action of 
salicylate was greatly augmented by hyper- 
thermia and by an increased metaholism from 
other causes. This suggests that an important 
contributing factor to the action of salicylates 
on prothrombin clinically is the accompanying 
clinical syndrome, and that the effect ob- 
served by Link and co-workers is a non- 
specific effect, unrelated to the action of 
dicumarol. 

Since dicumarol has been S3mthesi2ed from 
salicylic acid and since dicumarol is pre- 
sumably formed from the coumarins in 
spoiled sweet clover by bacterial action,® 
there remains as a further possible basis for 
the protbrombopenic action of salicylates, the 
conversion of these substances to dicumarol 
or related compounds. To test this possibility, 
a study has been made of the response to 
dicumarol and sodium salicylate in rabbits 
upon oral and intravenous administration. 

Methods. Normal rabbits of 2 kg body 
weight and maintained on the normal colony 
diet were used. Prothrombin times were deter- 
mined daily, on both undiluted plasma and 
also on SO, 25, 12.S and 6.25% plasma. As 
reported by previous workers, the salicjdate 
had little effect on the prothrombin time of 
undiluted plasma so that all the results re- 
ported are for the 12.5% plasma. Prothrombin 
times were determined by the Quick technique, 
using an acetone-dried horse brain powder 
for preparation of the thromboplastin,® We 
are indebted to Dr. L. A. Kazal of Sharp 
and Dohme, Inc., who kindly supplied this 
material. To control minor variations in 
thromboplastin, in all cases a normal rabbit 
with the same initial prothrombin time was 
included in each series and the prothrombin 
times are reported as experimental/fnormal 


Biol. Sper., 1946, 223, 366. _ „ , „ 

T Clark, B. B., and Spitalny, M., Fed. Pros., 1946, 

.6, 171. 


8 Kazal, L. A., Higashi, A., and Arnorr, L. E., 
Pboc. Soc. Exp. Biot,, and Med., 1945, Co, 19G. 
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time of 12.5% plasma, of oral and intra- 
venous administration of sodium salicylate, 
and of dicumarol has been compared in rabbits 
on a normal diet. 

The oral and intravenous administration 
of dicumarol gave the same prolongation of 
the prothrombin time. However, while the oral 
administration of 0.5 g/kg of sodium salicyl- 
ate definitely prolonged the prothrombin time, 
the intravenous administration of the same 


dose in the same animal did not result in 
any change in the prothrombin time. After 
the oral administration of sodium sulfasuc- 
cidine, the oral administration of sodium 
salicylate did not affect the prothrombin time. 

It is suggested as an e.\-planation of these 
results that salicylate may be converted to 
dicumarol or a substance with similar pro- 
thrombinopenic properties by bacterial action 
in the intestinal tract. 


16027 

Quantitative Aspects of the Inhibition of Anaphylactic Shock in 

Guinea Pigs. 

Stanley Marcus. (Introduced by Walter J. Nungester.) 

From the Facl-ham Arthritis Research Unit* Medical School, Vtiiversiti/ of Michiffaii, Ann 

Arbor. 


While the modifying action of the pro- 
prietary compounds /J-dimethylaminoethyl 
benzhydryl ether hydrochloride (benadtyl) 
and N'-pyridil-N'-benzyl-N-dimethylethylene- 
diamine (Pyribenzamine) on histamine and 
anaphylactic shock has been vigorously in- 
vestigated,' some conflicting data have ap- 
peared in the literature with regard to the 
action of these drugs on true anaphylactic 
shock in guinea pigs. Mayer, ct al.^ demon- 
strated that 5 guinea pigs injected with horse 
serum 21 daj's before, were protected against 
an intracardial shock dose of 0.5 cc of horse 
serum when they were previously treated sub- 
cutaneously with 1.0 mg/kg of pyribenzamine. 
Campbell, ct al.,^ reported that although 
benadryl offered effective protection against 
histamine shock in the rabbit, it was in- 

* The Rackliam Arthritis Rcsc.ireli Unit is snjv 
tiortod by tlio IIoMce H. I?.ickliam Scliool of 
Graduate Studies of tlio University of Michigan. 

iFeinberg, S. M., J. .If. J., 1040, 132, 702. 

2 Mayer, R. I... Iluttrer, C. P., and Scliolz, C. K., 
Science, 1945, 102, P.t. 

3 Campbell. II.. Baronnfsky, 1. D., and Good, 
R. A., Pr.oo. Soc. Exr. Biol, axo Mkd., 1947, 
<1-1, 2S1. 


effective in controlling anaphylaxis in actively 
sensitized (hen egg white) rabbits and guinea 
pigs. These latter workers used shock doses 
of 0.75 cc of the antigen for guinea pigs, given 
intraperitoneally. They conclude that their 
results seem at direct variance with those of 
Loew and Kaiser' and of Friedlander, ct al.,^ 
since these groups had found, similarly to 
Mayer’s group,- that benadryl offers marked 
protection against anaphjdaxis in the guinea 
pig- 

Since in none of this previous work on 
benadryl and pyribenzamine cited was the 
attempt made to put protection against ana- 
phylaxis in the actively sensitized animal on 
a quantitative basis, similar experiments were 
repeated with this view in mind. 

Materials and Methods. The whites of 3 
hen eggs were separated from the yolks, 
strained through cheesecloth into a beaker 
and then stored in a rubber stoppered vaccine 
bottle in the ref rigerator. This material (Pro- 

-•Iroevr, E. K., .-rad Kaiser, M. E., Pltoc. Soc. 
Exp. Biou axo 1945, 58, 235. 

OEricdl-inder, S., Fcinberg, S., aud Feiuberg, 
A. B., Pnoc. .Soc. Ext. Biol, .cxd Mkd., 1940, 
«2, 05. 
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TABLE I 

Peak Prothrombin Times (12.5 % p|asma) of Rabbits after Administration of Dicumarol and 

Sodium Salicylate. 


secs. 


Rabbit 


Salicylate 


Dicumarol 

Oral 

Intrav. 

sulfa- 

succidine. 

Oral 

Intrav. 

6 

31.0 

26.8 


69.2 

71.4 


(26.5) 

(26.7) 


(24.8) 

(26.3) 

11 

26.8 

25.2 

22.4 

45.0 

65.0 


(25.0) 

(26.3) 

(21.8) 

(24.8) 

(26.2) 

12 

27.0 

26.2 

22.0 

70.2 

72.3 


(24.8) 

(26.3) 

(21.8) 

(25.9) 

(22.6) 

13 

31.0 

26.5 


32.0 

47.5 


(27.2) 

(26.4) 


(25.0) 

(26.3; 

16 

40.0 

27.8 

23.0 

70.2 

72.3 


(27.2) 

(27.3) 

(21.8) 

(25.9) 

(22.6) 


( ) = control prothrombin time on normal rabbit. 


ResziUs and Discussion. The prothrombin 
time response to the oral and intravenous 
administration of dicumarol and of sodium 
salicylate and to the oral administration of 
sodium salicylate + sodium sulfasuccidine 
are shown in Fig. 1. The peak prothrombin 
times obtained in 5 rabbits with these sub; 
stances are reported in Table I. A definite 
increase in prothrombin time was observed 
after the oral administration of sodium sal- 
icylate. However, with the same dose ad- 
ministered to the same rabbit intravenously, 
no change in the prothrombin time was ob- 
served, although as previously reported by 
many investigators, the prothrombin response 
to dicumarol given intravenously to the same 
animal was of the same extent as after oral 
administration. Since Vitamin K was not 
withheld from the diet, the oral administra- 
tion of sodium sulfasuccidine did not affect 
the prothrombin time. However, as shown in 
Table I, it did prevent the increase in pro- 
thrombin time after the administration of 
sodium salicylate. 

The most direct explanation of the differ- 


ence in the results on oral and intravenous 
administration of sodium salicylate is con- 
version of salicylate to dicumarol or a sim- 
ilarly acting compound in the intestinal tract. 
The action of sodium sulfasuccidme in abol- 
ishing the prothrombopenic action of sal- 
icylate suggests that this conversion is due 
to bacterial action. Attempts have been made 
to demonstrate such conversion wi^ mtestmal 
contents in vitro, by isolation of the products. 


This was unsuccessful. It may have been due 
to adverse conditions for bacterial synthesis 
or due to the small amounts of material in- 
volved. The prothrombopenic action of 1 g 
of sodium salicylate in the rabbits was equiv- 
alent to that of approximately 2 mg of di- 
cumarol, so assuming formation of this com- 
pound, less than one per cent of the salicylate 
underwent conversion. 

These results are somewhat at variance 
with those of Link^ who reported that intra- 
venous administration of sodium salicylate 
to rats did cause an increase in prothrombin 
time. This difference in results may be due 
to the use of a different animal species and 
also may be related to the vitamin K de- 
ficiency produced in the rats by Link. Further, 
Link does not give direct comparisons of oral 
and intravenous administration and his results 
are the average response of 6 rats. As originally 
shown by Link* on rabbits, marked differences 
occur in the response of individual animals to 
dicumarol (and also salicylate, Table I), and 
this is accentuated on a vitamin K-deficient 
diet. The results of Clark and Spitalny, of 
Stefanini and Petrillo, and the results reported 
here suggest that there are 3 possible mech- 
anisms operative in the increased prothrombin 
time after the administration of salicylates, 
namely, a general action related to their an- 
algesic-antipyretic properties, a direct effect 
on the clotting system of the blood, and lastly, 
conversion in the intestinal tract to dicumarol 
or a similarly acting compound. 

Summary. The effect on the prothrombin 
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TABLE II 

Effect of Pyribenzaraine on Amount of Egg White Required to Shock Actively Sensitized Guinea 
' Pigs (300-400 g) by Intracardial Injection. 


Animal 

No. 

Days .after 
Sensitizatiun 

Antigen 

Dilution 

ml 

No. of 
Doses 
LDjoo 

f 

Intraperi- 
toneal Dose 
mg 

premedication 

Minutes 

Shocking 

Before 

Result* 

1 

19 

.1 

of 1:4 

1 

5 

10 

0 

2 

19 

.4 

1:4 

4 

5 

15 

0 

3 

19 

.4 

1:4 

4 

5 

20 

0 

4 

19 

.8 

1:4 

S 

5 

IS 

2 

5 

19 

.8 

1:4 

S 

5 

15 

4 

6 

19 

.4 

1:2 

8 

5 

15 

1 

7 

19 

.4 

1:2 

8 

10 

15 

4 

8 

19 

.8 

1:4 

8 

10 

20 

1 

9 

19 

.4 

1:2 

8 

10 

20 

1 

to 

19 

.5 

1:2 

10 

5 

30 

3 

11 

19 

.6 

1:2 

12 

10 

15 

3 

12 

19 

1.0 

1:2 

20 

5 

20 

3 

13 

20 

.6 

1:4 

6 

10 

30 

0 

14 

20 

.8 

1:4 

8 

10 

15 

1 

15 

20 

.4 

1:2 

8 

10 

20 

1 


•Code same as that used in T able I. 


TABLE III 

Effect of Benadryl on Amount of Egg White Required to Shock Actively Sensitized Guinea Pigs 
(300-400 g) by Intracardial Injection. 


Animal 

No. 

Days after 
Sensitization 

Antigen 

Dilution 

ml 

No. of 
LDioo 

Doses 

Intraperi- 
toneal Dose 
mg 

Premedieation 

Minutes 

Before 

Shocking 

s 

Result* 

1 

20 

.1 of 

1:4 

1 

5 

20 

0 

2 

20 

.4 

1 :4 

4 

5 

25 

0 

3 

20 

.5 

1:2 

10 

5 

35 

3 

4 

21 

.4 

1:4 

4 

10 

20 

0 

5 

21 

.6 

1:4 

6 

10 

20 

0 

6 

21 

.4 

1:2 

8 

5 

15 

2 

7 

21 

.4 

1:2 

8 

10 

25 

1 

8 

21 

.4 

1:2 

8 

10 

30 

I 

9 

21 

.4 

1:2 

8 

10 

15 

I 

10 

21 

.5 

1:2 

10 

10 

20 

2 

11 

21 

.5 

1:2 

10 

10 

25 


12 

21 

.6 

1:2 

12 

5 

25 


13 

21 

.6 

1:2 

12 

5 

25 


14 

21 

.6 

1:2 

12 

10 

25 

3 


•Code same as that used in Table 1. 


which received more than 8 L.D.ioo doses 
(f. c., 12 or 10) all died tvithin 7 minutes, 
exacth' as had the control animals. Four 
animals receiving less than 8 L.D.joo doses 
(1, 4, 6) c-yhibited no symptoms of shock. 
Summary and Condusious. The L. D.joo 
dose of a solution of hen egg white by intra- 
cardial injection was determined for a group 
of actively sensitized guinea pigs. It was 
found that 5 to 10 mg of pyribenzamine or 
benadryl injected intraperitoneally between 
10 and 30 minutes before giving the shocking 
dose protected the animals against approx- 


imately 8 L. D.ioo doses of the antigen while 
injection of 10 or more L. D.joo doses resulted 
in rapid death with symptoms indistinguish- 
able from the control animals. If 6 or less 
L. D .,00 doses were given, no symptoms were 
noted in the protected group. 

These results seem to indicate that the so- 
called anti-histaminic drugs do exert a pro- 
tective influence, quantitative in nature, 
against anaphylaxis in the actively sensitized 
guinea pig. This fact might well be expected 
since a similar quantitative protection is 
obtained with these drugs against histamine 


182 


Quantitative Aspects Inhibition of Anaphylactic Shock 


tein= 11.53 g/%; NPN = 21.66 mg/%t) 
served as the source of sensitizing and shock- 
ing antigen throughout these experiments. 
The guinea pigs used weighed between 300 
and 400 g. They received sensitizing injections 
of 0.1 and 0.2 ml of the egg white intra- 
peritoneally and were kept in large common 
cages until ready for use. Intracardial in- 
jections were made using tuberculin syringes 
with No. 20 or 21, one or one and one-half 
inch needles. No anesthetic was employed. 
After proving the presence of the hypodermic 
needle in the heart by withdrawing 0.2 to 
0.4 cc of blood, the egg white and blood mix- 
ture was reinjected slowly, within 30 seconds. 

Dilutions of the egg white were made after 
centrifuging 3 to 4 cc of the refrigerated stock 
supply. The dilutions were made in saline with 
1.0 ml serological pipettes graduated in hun- 
dredths and were in the range of the probable 
lethal dose (L. D.ioo) as determined by earlier 
e.xperience. 

The pyribenzamine and benadryl used were 
the commercial preparations put up for oral 

TABLE I 

Determination of LDioo and Maximum Non- 
Letha! Dose of Egg White Required to Shock Ac- 
tively Sensitized Guinea Pigs (19-21 days; 300- 
400 g) by Intracardial Injection. 

Antigen 

No. of Dilution Result* 

Animals ml 


use and were incompletely soluble in 0.9% 
sodium chloride solution. These preparations 
were kept in test tubes and shaken to insure 
homogeneous suspension before placing in a 
syringe for intraperitoneal injection. 

Results. Table I illustrates a typical titra- 
tion to determine the L. D.iqq of the egg while 
antigen used in these experiments, .■\mong this 
group of animals sensitized 19, 20, or 21 days 
previously, none survived the intracardial in- 
jection of O.I ml of a 1:4 dilution or its con- 
centration equivalent and none died of the 
effects of 0.1 ml of a 1:8 or higher dilution. 
The conclusion reached was that 0.1 ml of a 
1:4 dilution represented an L. D.mo dose. 

Table II shows the results obtained when 
sensitized guinea pigs, protected by pyribenza- 
mine were injected with the same dilutions 
of egg white on the same day that the control 
animals were injected. These animals were 
injected intraperitoneally with the pyribenza- 
mine 10 to 30 minutes preceding the shocking 
dose of egg ivhite. They received either S or 
10 mg of the drug with no attempt being made 
to vary the drug on a weight basis. .Among 8 
guinea pigs receiving 8 L. D.ioo doses of egg 
ivhite, 2 died after a delayed period and 
necropsy showed what appeared to be the 
systemic result of anaphylaxis in the guinea 
pig. The other 6 animals e.vhibited mild to 
severe symptoms, but lived in each case. 


.1 of 1;16 
.1 1:S 

.2 1 :S 

.1 1:4 


1, 1. I, 1, 1. 1. 1,2 
3.3,3 

3. 3, 3, 3, 3, 3 


‘‘Results of intracardial injection were num- 
bered as follows: 

0, no symptoms noted. 

1, mi)d symptoms. Face washing, coughing or 
sneezing, animal survives. 

2, more severe symptoms, strong inspiratory 

' movements, incontinence, animal survives. 

3, severe symptoms and death within 3-S minutes. 

' Massive emphysema of lungs at autopsy. 

4 severe symptoms, prostration followed by death 

’ after a delayed period of 15 to 60 minutes or 
more. Lungs not markedly emphysemic, but 
show some congestion. Congestion of kidneys, 
adrenals and mesenteric blood vessels. Beet-red 
appearance of stomach and intestinal outer 
wall. Lining o f peritoneum dark pink to red. 

f Nitrogen determinations (Kjcldahl) were made 
after concluding the e.xperiments. The egg wliitc 
was inadvertently frozen before the nitrogen deter- 
minations were m-ade. 


Among 4 animals receiving less than 8 L. D.wo 
doses (/. e., 1, 4, and 6) none e.xhibited symp- 
toms of any type. Among 3 animals re- 
ceiving more than 8 L. D.ioo doses (i. c., 
20, 12, 10) all died within 7 minutes, in 
every way similarly to the control animals. 

Table III illustrates the results obtained 
ivith sensitized guinea pigs protected against 
shock by benadryl which was intraperiton- 
eall}^ injected 15 to 30 minutes preceding the 
dose of egg white. Again, 5 or 10 mg of the 
drug ivas given with no effort being made to 
vary dosage according to weight of the animal. 
Among 4 animals receiving 8 L. D.,oo doses 
none died although all e.xhibited mild to 
severe si’mptoms. One animal injected with 
10 L. D.IOO doses 20 minutes after receiving 
10 mg of benadryl had violent symptoms but 
survived the shock and lived. Five others 
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onated eggs inoculated into the allantoic cav- 
ity with certain members of this group. Con- 
sequently, this method of cultivation was 
utilized in the preparation of agents used as 
vaccines in the present work. Infected allantoic 
fluids were pooled, filtered through sterile 
gauze pads and stored in the drj' ice-box 
until needed. Immediately prior to irradiation, 
the frozen materials were thawed at Z7"C 
and filtered again to remove the small amount 
of insoluble flocculent precipitate frequently 
present. 

In order to determine the least amount of 
irradiation necessary to inactivate the agents 
completely, an allantoic fluid preparation of 
each virus was divided into several portions 
which were irradiated for different periods of 
time. The exposure periods employed varied 
by O.OS-0.10 seconds and ranged from 0.05- 
0.30 seconds. It was found that periods of 
0.10, 0.1 S, and O.ZO seconds were required to 
inactivate our preparations of psittacosis, 
human pneumonitis, and ornithosis viruses, 
respectively. K larger quantity of each virus 
was then titrated by intracerebral inoculation 
of mice, and inactivated by exposure to ultra- 
violet irradiation for the minimal time neces- 
sary as determined by the preliminary trials. 
Complete inactivation was confirmed in each 
instance by the tests described below. The 
LDr,o titers, by intracerebral test, before 
irradiation of the preparations finally used for 
immunization, were 0.03 cc x 10^-^, 10-®-®, 
and IC®-®, respectively, for the viruses-oi 
psittacosis, human pneumonitis, and ornitho- 
sis. Inactivated virus was stored in the drj^ 
ice-box, without the addition of a preser\’ative, 
until used for the immunization of mice. 

Rigorous tests for complete inactivation of 
irradiated virus were employed. They con- 
sisted of 3 serial intracerebral passages in 
mice and 3 serial allantoic passages in em- 
bryonated eggs. If these passages were all 
negative for active virus, 3 serial passages 
were performed by the intranasal route in 
mice and by the yolk sac route in embryon- 
atcd eggs. In ever>’ instance, when active 
virus was present, as in the preliminary trials, 

JSUocd, L. ,T., .-(na Mucneli, It., , T . Hilff ., 
in.IS, 27. 4E)3. 


it was demonstrated in either the first or 
second serial intracerebral or allantoic pas- 
sage. Evidence suggested that the intracere- 
bral. route in mice and allantoic route in 
eggs were equally sensitive in the detection of 
active material. 

Jlice were vaccinated intraperitoneally with 

2 and 3 0.5 cc injections of undiluted ir- 
radiated virus given at 5- or 7-day^ intervals. 
The challenge dose of homologous virus con- 
sisted of suspensions of infected mouse brain 
or pooled liver and spleen tissue, and was 
given either intracerebrally or intraperitoneal- 
ly to groups of mice together with controls, 

3 weeks after the terminal injection of vac- 
cine. The LD 30 titers of these suspensions 
were determined before use by intracerebral 
or intraperitoneal inoculation of mice, depend- 
ing upon the' tissue source. 

The emulsion of mouse brain passage virus, 
first used for intraperitoneal challenge of mice 
(those which received 2 injections of psit- 
tacosis vaccine, Table I) was not sufficiently 
virulent by this route to give regular, clear- 
cut results. An attempt was made to overcome 
thLs circumstance by performing several rapid 
serial intraperitoneal passages with emulsions 
of pooled virus-infected liver and spleen tis- 
sue. A definite enhancement in virulence was 
obtained after 8 passages as indicated b}-^ a 
decrease from 7 to 2 days in the average sur- 
vival time of animals inoculated with 10% 
emulsions. .An emulsion of pooled infected 
liver and spleen tissue was then prepared, 
titrated, and used as the challenge inoculum 
in the experiment where 3 injections of psit- 
tacosis vaccine were employed. 

Results. The results shown in Tables I and 
II indicate that a definite degree of protection 
was demonstrable in most experiments. Little 
or no resistance was seen in mice challenged 
intracerebrally with psittacosis virus (Table 
I), but definite immunity was demonstrated 
in psittacosis-vaccinated mice when the chal- 
lenge dose was given intraperitoneally. Evi- 
dently this resistance was not due in part to 
non-specific immunity since no protection 
was seen in mice which had received three 
intraperitoneal injections of normal allantoic 
fluid three weeks before the challenge dose of 
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shock.’ •"•3 The modifying action of these the same degree of protection was offered, in 
drugs again seems in accord with the theory these e.xperiments, by both the compounds 
that histamine plays a major role in ana- - - used, 
phylaxis. It is of interest that approximately 
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Immunization of Mice Against Viruses of the Psittacosis Group with 
U1 tra violet-inactivated Vaccines.* 

Robert D. Francis, Albert Milzer, and F. B. Gordon. 

From the Department of Baetcriotogy and Parasitology, The University of Chicago, and the 
Samuel Deutsch Serum Center, Michael Beese Hospital, Chicago. 


Various workers have demonstrated’"’ that 
formalinized suspensions of psittacosis virus 
possess antigenicity as judged by their capa- 
city to elicit active immunity in mice and 
avian species. No report has appeared, to our 
knowledge, of the effect of ultraviolet rays 
on this or other viruses of the psittacosis 
group. Levinson, Milzer, and co-workers, 
employing a new method of inactivating turbid 
suspensions of viruses and bacteria by ultra- 
violet rays, have found that it is possible to 
prepare e.vperimental vaccines’’"'’ with dysen- 
tery bacilli, and rabies, St. Louis encephalitis, 
and poliomyelitis viruses with a minimal loss 

* This investigation has heeji supported in part 
by the Commission on Influenza, Board for Investi- 
gation and Control of Influenza and Other Epi- 
demic Diseases in the Army, Oflice of tlie Surgeon 
General, IT. S. Army; and the Jolm Roehefeller 
McCormick Memorial Fund of the University of 


Chicago. 

I Bedson, S. P., Brit. J. Bzp. Path., 1938, lO, 
353. 

sTanamiira, H. T., and Meyer, K. P., J. Im- 
munol.j 1942, 44, 195. 

3 Meyer, K. P., Eddie, B., and Yanamura, H., 
J. Immunol., 1942, 44, 211. 

•i Morgan, H. K., and Wiseman, B. W., J. Infect. 


'i.s., 194G, 79, 131. 

5 Shaughnessy, H. J., Milzer, A., Neal, J., and 
evinson, S. 0., J. Infect. Dis., 1946 78, 69 
0 Levinson, S. 0., MiUer, A., Shaughnessy, H. J., 
'eal, J. U., and Oppenheimer, F., J- Immunol., 
■)45, c>0, 317. 

rjfilzer, A., Oppenlieimer, F., and Levinson, 
O., J. Immunol., 1945, 50, 331. 


of antigenicity. BrieRy, this technic consists 
of e.\posing a continuously flowing thin film 
of suspension to the Oppenheimer-Levinson 
type lamp which is a powerful source of total 
and extreme (below 2000 Angstroms) ultra- 
violet energy. This method of inactivation 
was employed in the present study with the 
viruses of psittacosis (6BC), human pneu- 
monitis (SF), and ornithosis (207). 

Previous experiments® have indicated that 
these viruses can be completely inactivated by 
this method and still retain antigenicity as 
determined by the production of neutralizing 
antibody in chickens repeated!)' inoculated 
with these preparations. It was our purpose 
here to make a preliminary investigation of 
the possibility of using such preparations for 
the induction of resistance against challenge 
injections of active virus. 

Materials and Methods. The strains of 
virus employed have been used in previous 
work in this laboratory and their sources have 
been recorded elsewhere.® Earlier studies’®"’" 
have shown that large amounts of virus in 
relatively clear suspensions can be obtained 
by harvesting the allantoic fluid from embry- 

8 Francis, B. D., to he publislied. 

9 Hilleman, M. B., P. Infect. Dis., 1045, 70, 06. 

10 E.cton, M. D., Martin, W. P., and Beck, .XL D., 

J. Exp. Med., 1042, 75, 21. 

11 Williams, S. E., A list. J, Exp. Biol, and Med. 
Sci., 1944, 23, 205. 

1= Francis, B. D., and Gordon, F. B., Pnoc. Soc, 
Exp. Bioi.. A.vn Mim., 1945, 59, 270. 
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cloth recommended bj' Weigh The caged lice 
are fed fsvice daily on a healthy nourisher 
whose skin is first sterilized with 70% alcohol. 
Between feedings the cages are kept in sterile 
paper boxes at 34’C. Under these circum- 
stances, masses of eggs are laid on the cloth. 
These eggs are removed and washed first with , 
30% alcohol or other suitable weak disinfect- 
ant and then with sterile saline, bacterial 
sterility of the washed eggs being checked 
by culturing the last drops of the saline wash 
on nutrient agar. The sterile eggs are dried 
on sterile paper and incubated at 34°C in 
sterile net-covered cages, 200-400 eggs per 
cage. The eggs hatch after 4 to 6 days and 
the larx'ae are then ready for use. 

When used to isolate rickettsiae or other 
agents of disease from a patient, such a cage 
of larvae is fed sterilely and twice daily over a 
period of four to twelve days, depending on 
the disease being investigated. To do this, the 
net side of the cage is attached to the sterilized 
skin on the medial side of the forearm or 
shank. Sterilization is affected with ether 
followed by 70% alcohol, care being taken 
to be sure that the alcohol has completely 
evaporated before feeding begins. Bacterial 
sterility is routinely checked b\- seeding lan'al 
excrement to agar plates. 

.At the conclusion of the 4- to 12-day feed- 
ing period, the cage is opened and note made 
of the living and dead lar\-ae, especial at- 
tention being given those that are red or 
red-black in color. Infectivity is sought in 
the accumulated excrements and in the ster- 
ilely resected intestines of the living and dead 
reddish lan'ae. Microscopic e.xamination is 
carried out with the aid of contrast methods 
of Serkowski* (Xigrosin, 4% in H-O) or b\- 
Ihe Eisenberg- method. 

In this wa\-. we have isolated and obserx-ed 
the infectious bodies responsible for a number 


of virus and rickettsiae-like diseases. These 
bodies are, for the most part, round disks 
having about the size of tjphus rickettsiae. 
Several of the diseases they produce are 
rheumatic in character {Polyarthritis rheic- 
matica acuta, Chorea minor), though one 
gives a toxic diarrhea in infants. To identify 
what is seen in stained preparations with the 
diseases in question, we have made use of both 
agglutination and of the Bordet-Gengou re- 
action. Some isolations have produced sjanp- 
toms in rabbits and sensitized guinea pigs. 
Inactivated suspensions have gix’en as in- 
tracutaneous test prominent urticaria-like re- 
actions in persons sensitized through chronic 
disease and have thus proved a useful means 
of diagnosis. In sensitive persons, this re- 
action also supplies an excellent test for the 
presence of traces of the agents in louse in- 
testines. .At all times, corresponding emulsions 
of healthy louse intestines have been used as 
controls. 

.An essentially similar procedure for iso- 
lating infectious material has used bed bug 
{Cliinicis Icctularii) instead of louse larvae. 
It often permits the isolation of agents that 
would be missed using louse larvae. In this 
case, small pieces of wood replace cloth as 
receivers of laid eggs and feeding is once a 
day for an hour. Each cage is set up for 
60-80 eggs. Incubation takes place at a lower 
temperature {2S-30°C). 

This work was begun in the Txphus Insti- 
tute of Professor R. Weigl and in the 
Children's Clinic of Professor Fr. Groer in 
Lxvow. It has been continued in the Dermato- 
logic Clinic of Professor Lenartowicz in Wro- 
claw. 

1 StcrUng-Okunicvrski, Tcclinxl-a batlan bal-tcrin- 
lorrU‘:niich (IVarzawa, 1922), p. 72. 

2 Eisenberg, Ph., J^entr. Bnbt. 1 alt OriainaU 
ltd., 71, 421. 
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TABLE I 


Resistance of Mice Immunized with Ultraviolet-Inactivated Psittacosis Virus. 


Injections 

of 

vaccine 


Challenge Injection 

Result! 

Volume 

LDso 

Doses 

Route 

Vaccinated 

mice 

\ 

Non-vaccinated 

controls 

2 

0.03 cc 

4,000 

Intracerebral 

n/n 

6/6 



400 

» 

12/12 

6/6 



40 


12/12 

6/6 



4 


6/12 

6/6 


0.03 cc 

40,000 

Intraperitoneal 

2/3 

6/6 



4,000 

0/10 

4/6 



400 


0/10 

4/6 



40 


O/IO 

4/6 

3 

0.25 cc 

48* 


15/38 

27/27 






26/26** 


tNuraerator indicates number of deaths; denominator indicates number of mice inoculated. 
*LD5 o titer determined here by intraperitoneal inoculation; all others determined by intra 
cerebral. 

**This set of controls received normal allantoic fluid at times of immunization. 

TABLE II 

Resistance of Mice Immunized with Ultraviolet-Inactivated Human Pneumonitis and 
. Ornithosis Viruses. 


LD.to Doses of 2 inj. of vaccine 3 inj. of vaccine 

Challenge Injection , , > 

Virus (0.03 cc, intracerebral) Vaccinated Control Vaccinated Control 


Human 

Pneumonitis 180 5/8 8/8 4/10 8/8 

IS 0/7 S/S 0/10 S/8 

Ornithosis 900 S/lO 6/6 

90 3/9 6/6 1/10 6/6 


virus was given. Resistance to intracerebral 
challenge was definitely demonstrated in mice 
which had received human pneumonitis and 
ornithosis vaccines (Table II). 

Conclusions. These studies demonstrate 
that it is possible to inactivate completely 


certain viruses of the psittacosis group in less 
than one second by e.vposure to appropriate 
intensities of ultraviolet irradiation. Such 
preparations retain antigenicity as indicated 
by their ability to immunize mice against 
challenge doses of active virus. 
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Techniques for Rickettsial and Virus Cultivation. 


JoZEF Kvbicz. (Introduced by R. W. G. Wj’ckoff.) 
Wroclaw, Poland. 


The following note describes modifications 
made in the Weigl method for cultivating 
rickettsiae and other small agents of disease 
within susceptible lice. Made primarily to 
facilitate isolations from diseased persons, 
thev involve feeding larv'ae reared under ster- 
ile conditions on potentially infected blood. 


The technique is essentially as follows. 
From 200-400 adult lice (Pcdkulus vcsii- 
vtcnli) are washed for 2 minutes in 60^ 
alcohol and subsequently with sterile physio- 
logical saline. They are then enclosed in a 
cage (6 X 3 x I cm) covered on one side with 
a fine net and containing within it the piece of 
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doth recommended by Weigh The caged lice 
are fed twice daily on a healthy nourisher 
whose skin is first sterilized with 70% alcohol. 
Between feedings the cages are kept in sterile 
paper boxes at 34°C. Under these circum- 
stances, masses of eggs are laid on the cloth. 
These eggs are removed and washed first with , 
30% alcohol or other suitable weak disinfect- 
ant and then with sterile saline, bacterial 
sterility of the washed eggs being checked 
by culturing the last drops of the saline wash 
on nutrient agar. The sterile eggs are dried 
on sterile paper and incubated at 34°C in 
sterile net-covered cages, 200-400 eggs per 
cage. The eggs hatch after 4 to 6 days and 
the larvae are then ready for use. 

When used to isolate rickettsiae or other 
agents of disease from a patient, such a cage 
of larvae is fed sterilely and twice daily over a 
period of four to tweU'e days, depending on 
the disease being investigated. To do this, the 
net side of the cage is attached to the sterilized 
skin on the medial side of the forearm or 
shank. Sterilization is affected with ether 
followed by 70% alcohol, care being taken 
to be sure that the alcohol has completely 
evaporated before feeding begins. Bacterial 
sterility is routinely checked by seeding larval 
excrement to agar plates. 

.At the conclusion of the 4- to 12-day feed- 
ing period, the cage is opened and note made 
of the living and dead lar\-ae. especial at- 
tention being given those that are red or 
red-black in color. Infeclivity is sought in 
the accumulated excrements and in the ster- 
ilelj" resected intestines of the living and dead 
reddish larvae. Microscopic examination is 
carried out with the aid of contrast methods 
of Serkowski' (Xigrosin, 4% in H.^0) or by 
the Eiscnberg- method. 

In this way, we have isolated and observed 
the infectious bodies responsible for a number 


of virus and rickettsiae-like diseases. These 
bodies are, for the most part, round disks 
having about the size of typhus rickettsiae. 
Sex'eral of the diseases thej' produce are 
rheumatic in character {Polyarthritis rheu- 
viatica acuta, Chorea minor), though one 
gives a toxic diarrhea in infants. To identify 
what is seen in stained preparations with the 
diseases in question, we have made use of both 
agglutination and of the Bordet-Gengou re- 
action. Some isolations have produced S 3 ’mp- 
toms in rabbits and sensitized guinea pigs. 
Inactivated suspensions have given as in- 
tracutaneous test prominent urticaria-like re- 
actions in persons sensitized through chronic 
disease and have thus proved a useful means 
of diagnosis. In sensitive persons, this re- 
action also supplies an excellent test for the 
presence of traces of the agents in louse in- 
testines. .At all times, corresponding emulsions 
of healthy louse intestines have been used as 
controls. 

.An essentially similar procedure for iso- 
lating infectious material has used bed bug 
{Climicis Icctularii) instead of louse larvae. 
It often permits the isolation of agents that 
would be missed using louse larvae. In this 
case, small pieces of wood replace cloth as 
receivers of laid eggs and feeding is once a 
day for an hour. Each cage is set up for 
60-80 eggs. Incubation takes place at a lower 
temperature (2S-30°C). 

This work was begun in the Tvqjhus Insti- 
tute of Professor R. Weigl and in the 
Children’s Clinic of Professor Fr. Groer in 
Lwow. It has been continued in the Dermato- 
logic Clinic of Professor Lenartowicz in Wro- 
claw. 

1 Slerling-Oknnicrrsld, Tcehnil:a hattan hn7:tcrio- 
lofficcnydi (Warrawa, 1922), p. 72, 

= Eiscnberg. Ph., Zcnir. Ba7:t. I all Oriainak 
r,<7., 71, 421. 
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Blood, Plasma, and “Drawn Blood” Volumes in the Rat. 

Richard W. Lippman.* (Introduced by T. Addis.) 

l^rom the Department of Medicine, Stanford nniversiiy School of Aiedicinc, San Francisco, 

Calif. 


The following simple method for determina- 
tion of circulating blood and plasma volumes 
has been used in the normal albino rat.. It 
can be applied usefully to control and experi- 
mental rats just before they are killed. 

The rat was anesthetized- with ether in a 
Mason jar. As soon as the animal ceased to 
move, the inferior vena cava was exposed 
rapidly by cutting the abdominal cavity ivide- 
ly open with scissors. Light anesthesia was 
continued by applying a small beaker contain- 
ing ether-soaked cotton over the nose. A hemo- 
globin solution of known volume and con- 
centration was injected slowly into the vena 
cava from a tuberculin syringe.t The volume 
was varied from 0.20 to 0.50 cc, depending 
upon the size of the rat, and the concentra- 
tion varied from 7% to 8%. The needle was 
kept in place to prevent leakage for two 
minutes. It was then withdrawn and the ani- 
mal was exsanguinated by severing the ab- 
dominal aorta. The first ml of blood was 
collected in a tube containing 2 mg of potas- 
sium Oxalate, for a hematocrit determination 
by the Wintrobe method. The remaining 
blood was collected carefully, until all bleed- 
ing stopped, in an oiled centrifuge tube and 
allowed to clot. Under these conditions we 
had previously found that hemolysis did not 
occur. 

The total “drawn blood’ was recorded. The 
clotted blood was centrifuged and the serum 
separated for measurement of its oxyhemo- 
globin concentration by the method of Evelyn 
and Malloy.* From these data plasma and 


* Ttie .author ivisties to make grateful acknonF 
edgineut of tlio .assistance of Helen .1. Urcen. TIUs 
work av.as .aided by .a grant from the Americ.an 
Medical Association. 

t Hemoglobin solution provided through the 
courtesy of Sharpe & Dohme, Inc., IHiil.adelphia P.a. 

1 Evelyn, K. A., and Malloy, H. T., d. Biol. 
Chem., 1938, 120, 655. 


blood volumes were calculated and corrected 
by subtracting the volume of hemoglobin 
solution injected. 

The procedure outlined was selected, in 
spite of known objections, because it hap- 
pened to fit our e.vperimental needs, and re- 
quired simple analytical techniques with 
which we were fully familiar. Essentially, it is 
a dye method in which blood is drawn for 
measurements of concentration and hema- 
tocrit after a suitable mixing time. Prelimin- 
ary experiments shoived that a 2-minute 
mixing time gave the same results as longer 
mixing times. Since the interval was short 
and the dye was one that is essentially non- 
diffusible and relatively slowly metabolized, 
use of a mixing curve, such as that of Noble 
and Gregerson- seemed unnecessary and tech- 
nically would be almost impossible to obtain. 

It was also found that skill of the operator 
was of some importance in obtaining repro- 
ducible results. At first determinations will 
tend to be low, presumably due to shock 
resulting from slow and ine.\pert handling of 
the animals. However, ivith a reasonable 
amount of practice, relatively constant and 
repeatable results are obtained. 

Results. Blood volumes (BV) and plasma 
volumes (PV) were determined in 125 rats 
(47 female, 78 male) ranging from 48 to 
508 g. In 111 the “drawn blood’ volume was 
recorded, .-^s there did not appear to be any 
significant difference between the sexes, the 
results were pooled. Plots of PV and BV 
against body weight in grams (BW) and body 
surface in square centimeters (BS) do not 
produce a straight line, but when log BV and 
log PV are plotted against log BW (Fig. 1) 
the points fit a straight line reasonably well. 
From the data obtained, regression lines were 

= -gobIc, R. P., and Gregerson, .M. I., Clin. 
Invest., 194G, 35, 358. 
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calculated, and the following formulae were 
established as applicable to the observ^ed 
weight range: 

BV = 0.195 BW 

PV = 0.122 BW « 

Nearly all of the observations fell within 
a reasonably small zone on either side of the 
line, the values falling below the line at 
weights below 100 g. .Although the relation of 
blood and plasma volume to a power of bodj' 
weight was not perfect, it was a better fit 
than any simple alternative, and is presented 
for purposes of comparison with other in- 
vestigators’ results. 

The general relationship of organ size to 
a power of body size has been established by 
Huxley,^ who used body size from which the 

a llnxlcy, .T. ProhJcms of Pclotiic Groicth, 
New York. The T>ial Press, 1D32. 


size of the organ has been subtracted. The use 
of total body weight is of considerably greater 
convenience and in the present instance, where 
the weight of the blood is a relatively small 
proportion of the total body weight, the differ- 
ence introduced by such use was found to be 
insignificant. Failure of the regression line 
to fit more perfectly may be due to increased 
deposition of fat, a relatively avascular tis- 
sue, as the rats approach maturity and se- 
nescence. 

Comparison of our results with those pub- 
lished previously is complicated by the var- 
ious methods of presenting data. Table I 
summarizes in chronological order the results 
of several different observers and, for pur- 
poses of comparison, gives the blood and plas- 
ma volumes calculated by us for a rat of 
150 g. In the references cited, body .surface 
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Blood, Plasma, and “Drawn Blood” Volumes in the Rat. 
Richard W. Lippjian.* (Introduced by T. Addis.) 

From the Department of Medicine, Stanford Vniversitp School of Medicine, San Francisco, 

Calif. 


The following simple method for determina- 
tion of circulating blood and plasma volumes 
has been used in the normal albino rat.. It 
can be applied usefully to control and experi- 
mental rats just before they are killed. 

The rat was anesthetized with ether in a 
Mason jar. As soon as the animal ceased to 
move, the inferior vena cava was exposed 
rapidly by cutting the abdominal cavity ivide- 
ly open with scissors. Light anesthesia was 
continued by applying a small beaker contain- 
ing ether-soaked cotton over the nose. A hemo- 
globin solution of known volume and con- 
centration was injected slowly into the vena 
cava from a tuberculin syringe.t The volume 
was varied from 0.20 to O.SO cc, depending 
upon the size of the rat, and the concentra- 
tion varied from 7% to 8%. The needle was 
kept in place to prevent leakage for two 
minutes. It was then withdrawn and the ani- 
mal was exsanguinated by severing the ab- 
dominal aorta. The first ml of blood was 
collected in a tube containing 2 mg of potas- 
sium oxalate, for a hematocrit determination 
by the Wintrobe method. The remaining 
blood was collected carefully, until all bleed- 
ing stopped, in an oiled centrifuge tube and 
allowed to clot. Under these conditions we 
had previously found that hemolysis did not 


occur. 

The total “drawn blood’ was recorded. The 
clotted blood was centrifuged and the serum 
separated for measurement of its o.xyhemo- 
globin concentration by the method uf Evelyn 
and Malloy.^ From these data plasma and 


* The author wishes to make grateful acknowl- 
edgment of the assistance of Helen J. Urecn. This 
work was aided by a grant from the American 

Medical Association. . , , 

t Hemoglobin solution provided through the 
courtesy of Sharpe & Dohme, Inc., Philadelphia Pa. 

1 Evelyn, K. A., and Mallo.v, H. T., J. Biol. 
Chcin., 1938, 126, C55. 


blood volumes were calculated and corrected 
by subtracting the volume of hemoglobin 
solution injected. 

The procedure outlined was selected, in 
spite of known objections, because it hap- 
pened to fit our experimental needs, and re- 
quired simple analytical techniques with 
which we were fully familiar. Essentially, it is 
a dye method in which blood is drawn for 
measurements of concentration and hema- 
tocrit after a suitable mixing time. Prelimin- 
ary experiments showed that a 2-minute 
mixing time gave the same results as longer 
mixing times. Since the interval was short 
and the dye was one that is essentially non- 
diffusible and relatively slowly metabolized, 
use of a mixing curve, such as that of Noble 
and Gregerson- seemed unnecessary and tech- 
nicallj' would be almost impossible to obtain. 

It was also found that skill of the operator 
was of some importance in obtaining repro- 
ducible results. At first determinations will 
tend to be low, presumably due to shock 
resulting from slow and ine-xpert handling of 
the animals. However, with a reasonable 
amount of practice, relatively constant and 
repeatable results are obtained. 

Results. Blood volumes (JBV) and plasma 
volumes (PV’’) were determined in 125 rats 
(47 female, 78 male) ranging from 48 to 
308 g. In 111 the “drawn blood’ volume was 
recorded. there did not appear to be any 
significant difference between the se.xes, the 
results were pooled. Plots of PI'' and BV 
against body weight in grams {BW) and body 
surface in square centimeters (BS) do not 
produce a straight line, but when log BV and 
log PV are plotted against log BW (Fig. 1) 
the points fit a straight line reasonably well. 
From the data obtained, regression lines were 

-Xohle, B. P., .md Gregerson, M. I., J. c/in. 
Invest., I94C, 25, 35S. 
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volume at weights below 100 g and somewhat 
above 50% at high weights. This confirms the 
impression acquired incidentally in this lab- 
oratory, in the process of accumulating data 
in numerous other rat experiments, that an 
indication of the direction of change in actual 
blood volume can be obtained by measuring 
the “drawn blood” volume. 

Summary. 1. Blood and plasma volumes 
have been determined in the normal albino 


rat. and have been found to be approximately 
related to a power of body weight, the devia- 
tion being ascribed to deposition of avascular 
fat as the rat matures. There appeared to be 
no significant difference in this regard between 
the sexes. 

2. An estimation of blood volume changes 
may be made from the “drawn blood” vol- 
umes. 
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Effect o£ Chloroform on the Antitryptic Activity of Blood Plasma. 
H. Croxatto akd R. Croxatto. 

From ttic Lahoralorio dc Fisiologia, Universidad Caidlica, Santiago. Chile. 


It was shown in a previous paper* that 
treatment of plasma with 10% chloroform, 
decreased its hv-pertensinase activity instead 
of increasing it. This was a remarkable finding 
because: (a) hypertensin is a very' sensitive 
reagent to test for proteolytic activity, and 
(b) the characteristic clotting and fibrino- 
lytic properties of chloroform treated plasma 
have been attributed to an increased tryptic 
activity. 

Previous experiments have also shown that 
hj-pertensin is an e.xcellent substrate for the 
detection of antiproteolytic substances. Using 
h>pertensin as a reagent, we have been able 
to show that plasma protects h\-pertensin 
against the destructive action of trypsin and 
to a lesser degree from that of chymotrypsin. 
On the contrary, the hypertensinase activity 
of crystalline carboxypeptidase and pure 
aminopeptidase (from yeast) remained un- 
affected (Croxatto and Croxatto-). 

The degree of protection afforded by plas- 
ma, against the destruction of hypertensin by 
an appropriate dose of trypsin, may be used 
as a measure of its antitryptic activity. By 
using a technique based on this assumption, 

1 Saint, X., and Croxatto, 11., BoU is’oe. BioL, 
Santiago, Chile, 1944, 2, 2G1. 

-Croxatto, II., and Croxatto, li., Bol. Soc, Biol,, 
Santinpo, Chile, in presfj. 


we have studied the effect of chloroform 
treatment on the antitryptic activity of plas- 
ma. 

Experimental. Dog, ox, horse and human 
plasmas were treated with 10% chloroform, 
with the technique already described. Chloro- 
form was separated by centrifuging and vac- 
uum distillation, usually after 24 hours con- 
tact with the plasma. .-Miquots of treated and 
untreated plasma were added to hypertensin 
(3 units) plus 0.1 ml of a solution of cr\’stal- 
Ime trypsin. freshly prepared solution of 
one mg of trypsin* per milliliter of 0.9% 
sodium chloride yvas used. The amount of 
this solution used (O.I ml) yvas enough to 
produce more than 80% destruction of hyper- 
tensin in 2 hours, with no plasma present. 

The action of plasma on hypertensin, in 
absence of trypsin, yvas also tested. -411 e.xperi- 
ments yvere carried out at pH 7.4. obtained 
by adding 0.2 ml of a solution of 0.021s 
sodium phosphate buffer, pH 7.4. The incuba- 
tion period was of 2 hours at a temperature 
of 37'C. 

The hypertensin activity present after in- 
cubation yvas determined by injecting the 
solutions into the femoral vein of a cat. 
under Dial anesthesia and recording yvith the 

‘Plant's crystalline trypsin cont-iining of 
magnesium sulfate. 
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Blood, Plasaia, and “Drawn Blood” Voluaies in Rat 


TABLE I. 


Author 

Pormulm 

150 g rat 

'bv 

PV 

BVee 

PVee 

Chisolm*' 

.099 BAVO.9 


9.0 


Went and DriukerO 

.074 BW 


11.1 


Cutting and Cutter" 


.014 BS 


4.5 

Griffith and Campbells 

.043 BW 


6.5 


Beckwith and Chanutino 

.054 BS 

.027 BS 

17.2 

8.7 

Jletcoff, Favour and Stareio 

.047 BS 

.028 BS 

15.2 

8.7 

Lippman 

.195 BWO.734 

.122 BW0.T7S 

10.4 

0.0 


BA’ is Wood volume in ce, FY is plasma volume in cc, BAV is body weight in grams, BS is 
body surface in sq.cm. 


was assumed to have been calculated by the 
formula of Carman and MitchelP where not 
otherwise stated. 

The “drawn blood” volumes obtained by 
measurement have been plotted in Fig. 2 


against the blood volumes determined by the 
hemoglobin method described. The curve ob- 
tained indicates that the “drawn blood” vol- 
ume is related to actual blood volume, being 
somewhat below 50% of the actual blood 


Relation of'Drawn Blood" Volume to 


- ACTUAL Blood Volume in Albino rats. 
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ACTUAL BLOOD VOLUME c.c. 


Pjg. 2. 


n. H., An., j- 

Chisolm," E. a!, Quart. J. Exp. Physiol., 1911, 
w;nt, S., and Drinher, C. K., Am. L Physiol., 
0., and cutter, E. B., Pace. Soc. 


Exp. Biol, and AIed., 1935, 33, 1053. 

8 Griffith, J. P., Jr., and Campbell, R., PrOC. 
Soc. Exp. Bion. and AIed., 1937, 30, 38. 

0 Beckwith, J. B., and Clmnutln, A., Pp.oc. Soc. 
Exp. Bion. and ATed., 1941, 40, GO. 

lOMetcoff, J., Pavour, C. B., and .Stare, F. J., 
J. Clin. Inrc.’it., 194.5, 34, 82. 
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16032 

The Serum Uric Acid Concentration in Essential Hypertension.^ 


Joseph R. Stanton and Edward D. Freis. (Introduced by Robert IV. Wilkins.) 


J’rom ihc Evans Memorial, the Surgical and Medical Services, Massachusetts Memorial Hospi- 
tals, and the Departments of Sttrgcrg and Medicine, Eoston University School of Medicine. 


The blood uric acid concentration in pa- 
tients with arterial hj^pertension has not re- 
ceived careful attention since early investi- 
gators reported the uric acid level to be 
increased.’-^ This reported increase was as- 
cribed to metabolic factors and not to begin- 
ning renal insufficiency.^ More recent work 
on methods for the determination of the serum 
concentration of uric acid indicated that 
values determined by earlier methods con- 
tained many sources of potential error. 
Further, many of the subjects previously 
studied had varying degrees of cardiac and 
renal failure. 

If there is a metabolic fault in essential 
hypertension that results in hj^peruricemia it 
would be of importance as a lead to further 
investigation. However, it was considered 
necessary first to reevaluate the question using 
modern methods of analysis and paying 
particular heed to the presence of renal in- 
sufficiency. 

Material and Method. Fifty consecutive 
hypertensive patients admitted to the Ward 
and Private ser\’ices of the JIassachusetts 
Memorial Hospitals for lumbo-dorsal splanch- 
niceclomy were the subjects of this study 
(c. f. Table I). Chronic glomerulonephritis 
and other forms of primary renal disease were 

* Tills iiive.stiRUtioii wns supported iu p.nrt 1>y 
(lie Squibb Iii.stitutc for Jtedic.il Itcse.urcli, New 
Hniiisivif);, X. .T. 

1 KyVm, E., Acta iiicd. Scandinav., 1023, .>8, 342, 
llitzcnberf;er, K., Hielitcr uiid Qninter, M., 
iriVii. .Irch. f. inn. Med., 1921, 2, ISO. 

a Fi.slibor^'. .V. M., Arch. Int. Med., 1024, :tl, 503. 
Willinms, .1. 1.., .trch, Int. Med., 1921, 27. 74S. 

•■'Wti, 11., ,7. Jliol, Chem., 1922, St, 21. 

fiFolin, O.. ,7. Jliol. Chem., 19.34, 100. 311. 

r Folin. O., ,7. Jliol. Chem., 1933, 101. 111. 

s ll;iu.i, F. S., liosuos, 1!. \V., .-lud Bill, L. V., 
.7. Clin. Invc..l.. 1944, 2:5. 779. 


TABLE I. 

No. of cases 


Males 20 

Females 30 

Age group 

20-30 4 

30-40 13 

40-50 19 

50-60 13 

60-70 1 

Systolic blood pressure over 180 mm Ilg. 42 
Diastolic blood pressure over 100 mm Hg. 48 

Proteinuria 20 

Nitrogen retention 2 


adequately ruled out by history and labora- 
torj' e.vaminations. 

Hypertension had been known to e.\-ist in 
these patients for from 6 months to 20 years. 
The highest blood pressure recorded on ad- 
mission was 250/160, the lowest 160/96. Only 
one patient was in cardiac failure during the 
period of obsers'ation. 

The determination of uric add was carried 
out by the method of Folin," adapted to the 
Klett Summerson photoelectric colorimetert 
using a protein free filtrate of serum.® Blood 
samples from all patients in this series were 
taken in the post-absorptive state. Normal 
values obtained by this method ranged from 
2-5 mg/100 cc of serum. 

Results. Persistent hyperuricemia was dem- 
onstrated in only 2 cases or 4% of the series. 
Normal serum uric acid levels were found on 
the initial determination in 44 cases. Si.v 
cases e.vhibited a serum uric acid level above 
5 mg % at the lime of the initial deterniiina- 
tion. On repeal e.\amination carried out 24 to 
4S hours later, 4 of these 6 cases were found 
to have uric acid le\-els well within the normal 

f General Directions for tlic Klett Summerson 
Colorimeter, Klett Jtfg. Co., New York. 

9 Folin, O., .^n<l Wu, IL, .7. Eiol. Chan.. 1910 
»8, SI. 
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Chloroform on Antitryptic Activity of Blood Plasma 


usual technique the changes in blood pressure 
in the carotid artery. All solutions were boiled 
and then centrifuged, using supernatant. This 
treatment eliminates completely the secondary 
effects of foreign proteins and trypsin on the 
blood pressure. The sensitivity of the animal 
was checked, from time to time, with a 
standard solution of hypertensin. 

. The amount of plasma, not treated with 
chloroform, necessary to afford a 50% pro- 
tection (1.5 units of hypertensin) varied be- 
tween 0.04 and 0.06 ml. The hypertensinase 
activity of such a volume of plasma was 
negligible. 

Results. As shown in Fig. 1, the -treatment 
of plasma with chloroform decreases greatly 
its antitryptic activity. Although chloroform 
treatment does not eliminate completely the 
antitryptic activity, the decrease is larger 
after 24 than after one hour contact. The 
antitryptic activity of O.S ml of 24 hours 
treated plasma is approximately equivalent 
to that of 0.05 ml of untreated plasma. 


jjy , 


12 34567 


Fia. 1. 


Discussioji. Our results favor the hj’poth- 
esis of an inactivation, by the chloroform 
treatment, of one or several substances acting 
as inhibitors of the pancreatic trypsin. Hepar- 
in cannot be considered as such an inhibitor 
because of not appreciably influencing the 
inactivation of hypertensin and pepsitensin 
by trypsin, whether plasma is present or not 
(Marsano, Croxatto, Croxatto®). 

The clotting and proteolytic activities of 
chloroform treated plasma may be due to 
an inhibition of antitrj'ptic substances. In 
fact, the addition of crystalline antitrypsin 
extracted from soy bean meal, counteracts 
the clotting and fibrinolytic action of chloro- 
form treated plasma and certain snake venoms 
(H. Cro.xatto^). 

The changes produced by the chloroform 
treatment are very complex and difficult to 
interpret. Several enzymatic activities of plas- 
ma are disturbed (Sainz and Croxatto^). 
and the interaction of hypertensinogen, renin, 
and hypertensinase is changed (Croxatto and 
Croxatto-). Furthermore, no explanation can 
be given of why hypertensin is destroyed more 
easily by non-treated plasma than by plasma 
treated with chloroform, while the proteolytic 
activity is increased by this treatment, as 
shown by the solubilization of the blood clot. 

Summary. Treatment of human, dog, ox, 
and horse plasmas with 10% chloroform, de- 
creases their antitr 3 'ptic properties.! These 
properties were measured using hypertensin 
as substrate. 

Sjtarsano, A., Cro.vatto, K., and Cro-Tatto, H., 
Sol. Soc. Biol., Santiago, CJiile, 1945, 2, 350. 

4 Croxatto, H., Sev. Soc. argent. Biol, 1946, 
23, 477. 

f While this work was in course of publication, 
a paper by L. H. Cliristcnsen appeared in J. Gen. 
Phtfsiol, 1946, 30, 149, wiiere lie states tliat cliloro- 
forni treatment of serum produces an immediate 
inactivation of “protease inhibitor.’’ 
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16033 P 

Kidney Damage in the Golden Hamster Following Chronic Administration 
of Diethylstilbestrol and Sesame Oil.* 

V, S. Matthews, H. Kirkman, akd R. L. Bacon. (Introduced by C. H. Danforth.) 
From the Department of Anatomy, Stanford University School of Medicine, Stanford, Calif. 


Estrogen induced hyperplasias have been 
reported repeatedly for various species of 
animals. The most conspicuous of such changes 
reported so far for the estrogenized hamster 
are in the hypophysis. In this gland the pars 
intermedia develops very extensive adenomas 
which migrate through the stalk well into 
the hj-pothalamus (Vasquez-Lopez,' Koneff, 
Simpson and Evans,- ^latthews"). For the 
hamster the only kidnej' alteration mentioned 
in the literature is found in the paper by 
Vasquez-Lopez where Table I records a “large 
secondary deposit macroscopically visible in 
the left kidney’’ of one of 28 hanrsters im- 
planted with 10 mg pellets of diethylstilbestrol 
or of estradiol benzoate; tJiis particular ani- 
mal had been treated for 299 days with the 
natural estrogen. 

While a tumor-producing action, in guinea 
pigs, has been denied for sesame oil by 
Lipschiitz and Vargas* it has been affirmed in 
man by Conrad, Conrad and Weiss.^ To date 
we have had no opportunity of e.xamining the 
kidneys of sesame oil-treated control hamsters. 
We know of no reports in the literature, how- 
ever, which attribute the formation of renal 
adenomas, in any species, to treatment with 
either estrogens, sesame oil, or any other 
similar oil. 

In this laboratorj' we have e.\amined kid- 

* Tho dietliyktilbc-strol used in tiiis study -w.is 
supplied througli ttic courtesy of Dr. D. C. Hines 
of the Eli Lilly Comp.eny. 

1 V.esqucz-Lopez, E., .7. rath, and J>nct.. lPt4. 
50. 1. 

e Konctr, A., Simpson, M. E., and Ewans. H. JL, 
.Innf. Dec., 1040, ni, 1C9. 

a Matthews, V. S., 1047 unpublished daf.a. 

< lApsehutr., A., .and Vargas, L., C. D. Soc. hiel., 
1030, 1.^0, 0; Lipschntz, A., Eodriguez, F., and 
Vargas, L., C. It. Soc. Hal., 1030, 1.30, 030. 

■■•Conrad, 11., Conrad. A. 31., Jr., and Weiss, 
E. .S., J. A. M. A., 1043, 121, 237. 


neys from 14 hamsters (Cricctus aurctus) in 
which group were 4 untreated males, one 
untreated female, 6 treated males and 3 
treated females. On the average the treated 
animals received a total of 41 mg of dieth}'!- 
stilbestrol in 25 cc of sesame oil followed by 
a total of 61 mg in the form of microcrj'stals 
in 23 cc of saline solution. Injections were 
made subcutaneously, dailj’^ or on alternate 
days, over a period averaging 379 days. The 
animals averaged 429 daj's in age and 112 
g in body weight at the time of sacrifice. 

Kidney changes were observed in all of 
the 9 treated animals. Of these changes by 
far the most conspicuous were adenomas 
(Fig. IC) found in each of the 6 males. In 
size these tumors ranged from small nodules 
a few cells in width to masses about one-third 
of the volume of a control kidney. In many 
of the adenomas were groups of cells showing 
‘‘colloid degeneration’’, rare in the cells of 
intact tubules. Man\' of the adenomas were 
in the region of the pelvis, projecting more or 
less into the renal sinus. The cell arrangement 
in some of these suggests an origin from the 
transitional epithelium of the pelvis. Other 
adenomas occurred in various portions of 
the kidney cortex. The fact that the adenomas 
alone of all the kidney tissue contain much 
sudanophilic substance suggests that sesame 
oil (also sudanophilic) may be the tumor- 
producing agent. Experiments are under way 
to test the relative actions of oil and estrogen 
and to investigate the cause of the sex differ- 
ence in kidney response. In one animal the 
renal tumor had metastasized through the 
peritoneal cavity to the mesenteries and the 
spleen. 

In 2 males, fibromas were observed in the 
capsular connective tissue. 

Xo extraglomc-rular arteriosclerosis was ob- 
serx-ed, but in the females amyloid infiltration 
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Ubic Acid in Hypertension 


(fi 

1 — 
z 

UJ 

1 — 

16- 

14- 



NORMAL RANGE 



12- 








Ll 

10- 








O 

8- 








cc 

UJ 

tn 

2 

Z) 




i:. 




6- 

4- 







2 

2- 









L__ ■: 




~ ^ I 



0.5 1.0 15 

2.0 

2,5 


4.0 

4.5 

5.0 5. 5 


SERUM URIC ACID MG. PER CENT 

Fia. 1. 

Serum uric acid coueentratioa of 50 patients witli essential hypertension. 


range. The mean serum uric acid level for the 
entire series was 3.65 mg % with a standard 
deviation of 0.88 (Fig. 1). 

Disatssion. It is significant that the 2 cases 
with persistent hyperuricemia showed evidence 
of renal insufficiency as manifested by eleva- 
tion of the blood non-protein-nitrogen. Pro- 
teinuria was present in both of these cases and 
also in 3 of the 4 cases showing transient 
hyperuricemia. However, hypertension and 
proteinuria were observed in 12 patients show'- 
ing normal uric acid levels. Therefore, no 


consistent relationship was observed between 
proteinuria and elevated serum uric acid 
levels. The transient elevations of serum uric 
acid concentration observed in four cases w'ere 
slight, none exceeding 5.5 mg %. 

Summary and Conclusions. In a series of 
50 cases essential hj'pertension, unless com- 
plicated by renal insufficiency, was associated 
with essentially normal serum uric acid values. 

The authors arc indehted to Miss Auno Cutler 
for valuable technical assistance. 
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16034 

Effect of Meningococcal Endotoxin on Histamine Content of Blood and 

Tissues of Rabbits.* 

Ernest Kun. (Introduced by C. Phillip Miller.) 

From the Department of Fharmacology and the Department of Medicine, Vniversilp of Chicago. 


The following studies were undertaken as 
part of an investigation of the biochemical 
changes which occur in the animal body after 
the intravenous injection of meningococcal 
endotoxin. The pathological condition pro- 
duced in this way is known as toxemia and 
since different bacterial toxins seem to elicit 
changes in metabolism which have certain 
characteristics in common,^ the results of 
these studies may be of some general interest. 

The important role of histamine in the 
pathology of infectious diseases, as well as in 
conditions closely related to them, such as 
allergj’ and anaphylaxis, is well recognized; 
and has been reviewed by Best- and by Drag- 
stedt.^'* Feldberg and Keogh’’ and Feldberg 
and Kellaway® reported e.xperiments which 
showed that an increase in histamine libera- 
tion from isolated organs occurred when the 
perfusion fluid contained staph}dococcal endo- 
toxin. Kellaway. Trethewie and Turner" 
showed that the to.xin of Clostridium ■wclchii 
increased the histamine output of isolated 

• A prclimin.nry report «-3S presented before tlie 
Chicago meeting of tlie Fedemtion of Aincrienn 
Societies for Esperimcntnl Biology, M.ny, 1947. 

This invcstig.ition w.ns supported in part by the 
John .md Mnry I?, ll.nrlclo Found.ntion .nnd in p.irt 
by the United States Nnvy, Ollice of Naval Be- 
search. 

1 Holnics. E., rhysiol. Fei'., 1939, in, 439. 

2Be.st, C. n.. rhpsioi. Fee.. 1931, 11, 371. 

a Dragstedt, C. .4.. The Significance of Dislamine 
in Annphglaxic and AUergp. 1943. 

1 Dragstedt, G. A., The Foie of Histamine in 
Various Palhoiogical Conditions and the Atethods 
Controlling Its Fffrets, 1945. 

Feldberg, IV., and Kcogli, V.. J. I'hgsiol., 1937, 
no, 2S0. 

c Feldberg, 4V.. and Kcllanay, C. If., Aii.ttralian 
.7. Fxp. Diol. Med. Sci., 193S. 10, 919. 

r Kclla\v.ay, C. II.. Trethewie, E. B.. and Turner, 
\V., Australian J. Frp. Fioi. Med. Sci., 1940 
18, 9.-13. 


organs of the cat and the rabbit. These results 
suggest that bacterial toxins interfere in some 
way with histamine metabolism. 

The present study is concerned ivith the 
changes in the histamine content of the 
blood and tissues of rabbits injected intra- 
venously with meningococcal endotoxin. 

Materials and Methods. The meningococcal 
endotoxin, as prepared by Boor and Miller, is 
a mixture of nucleoproteins, globulins, al- 
bumins, and a highly toxic gljxolipid.®'®-^® 
Endotoxin was prepared from type I men- 
ingococcus grown for IS to 20 hours on casein- 
digest agar. The microorganisms were washed 
thrice in saline, resuspended in water, brought 
to pH 8.2 to 8.5 and kept at a temperature of 
about 27‘’C for 2 or 3 hours and in the 
refrigerator overnight. The suspension was 
then neutralized and sterilized by heating 2 
or 3 times at 60' C for 25 minutes. Sterility 
was always proved bj’ culture. This toxin mi.x- 
ture was heat stable,*^ and could be kept in 
the icebox for several months without much 
change in to.xicity. Since the chemical nature 
of meningococcal endotoxin is not yet known, 
it seemed best to use the original protein- 
glycolipid suspension. The rabbits were in- 
jected intravenously with a dose sufficient 
to cause death within a few hours and this 
dose is recorded in ml per kg body weight. 
The solid content of the to.xin was 1.14% 
as determined by Boor. These e.xperimental 
conditions can be considered as acute men- 
ingococcal endotoxin poisoning. 

SBoor, A. K., ,311(1 Miller. C. B.. .7. Fxp. Med., 
19.34, .TO. 93. 

T'Boor. A. K.. .311(1 Jlillor, C. P.. Arch. Path., 
1941. 20, 794. 

10 Boor, A. K., .311(1 Miller, C. P.. J. Inf. Diseases 
1944. 7,", 47. 

11 Miller, C. P., Becker, B. M., Sebad. Doretta, 

.311(1 Bobbins, M. IVriglif, J. Inf. Dis., 1943, 24S. 
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Diethylstilbestroi, and Hamster Kidneys 



I'M. 1. 

Fig. 1, A to 0, (all X5) are transverse sections througli kidneys of golden iianisfers. lA 
represents a normal kidney from a 389-day-old $ Tvoighing 136 g; untreated. IB is from a 
364-day-old 9 weigliing So g; received 29 mg of dietliylstilbestrol in 17 cc of sesame oil over 
a period of 107 days, followed by 39 nig in the form of microcrystals suspended in 20 cc of 
saline solution over a period of 21S days. 10 is from a 456-day-old $ weighing 130 g; received 
55 nig of dietliylstilbestrol in 33 ec of sesame oil over a period of 205 days, followed by 58 nig 
of microerystals in 19 cc of saline solution over a period of 215 days. A, adenoma ; Ac, cyst 
in adenoma; C, casts in enlarged tubules; G, enlarged capsular space about gloniernlus. 

was considerable in many glomeruli and in both male and female, normal and gonad- 
around many convoluted tubules. This was ectomized, albino rats treated with O.OIS to 
associated with large and abundant h.valine 0.2 mg of estradiol dipropionate, in sesame 
casts and tubular atrophy (Fig. IB). In 2 of oil, weekly for from 21 days to months, 
the 6 treated males also, amyloid was demon- They make no mention of sesame oil controls 
strated. In one animal it was confined to or of sexual differences in kidney reaction, 
traces in a few of the glomeruli; in the other more detailed account, involving ham- 

animal, No. 49, (the one possessing fewest sters still being treated, will be published later, 
and smallest adenomas) it was present in Smmnary. The kidneys of golden hamsters 
somewhat greater amount and found around treated for long periods with diethylstilbestrol 
convoluted tubules as well as in glomeruli, and sesame oil tend to undergo marked 
A similar picture of glomerulo-nephritis has changes of a destructive character. In the 
been described by Korenchevsky^ and Ross* male these changes are primarily in the di- 

- rection of potentially malignant tumor forma- 

G Korenchevsky, V., and Boss, Af. A., Bn7. j/cd. tion. In the female they are in the direction 
J., 1940, 1, 645. of giomeruio-nephritis 
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Effect of Meningococcal Endotoxin on Histamine Content of Blood and 

Tissues of Rabbits.* 

Ernest Kun. (Introduced by C. Phillip Miller.) 

From the Department of Fharmacologij and the Department of Medicine, University of Chicago. 


The following studies were undertaken as 
part of an investigation of the biochemical 
changes which occur in the animal body after 
the intravenous injection of meningococcal 
endotoxin. The pathological condition pro- 
duced in this way is known as toxemia and 
since different bacterial to.xins seem to elicit 
changes in metabolism which have certain 
characteristics in common, the results of 
these studies may be of some general interest. 

The important role of histamine in the 
pathology of infectious diseases, as well as in 
conditions closely related to them, such as 
allergy and anaphylaxis, is well recognized; 
and has been reviewed by Best- and by Drag- 
stedt.“'^ Feldberg and Keogh"' and Feldberg 
and Kellaway® reported e.xperiments which 
showed that an increase in histamine libera- 
tion from isolated organs occurred when the 
perfusion fluid contained staphylococcal endo- 
toxin. Kellaway, Trethewie and Turner" 
showed that the toxin of Clostridium wclcliii 
increased the histamine output of isolated 

* A pretiiiiiiiary report w.is presented tjeforc tlic 
Cliic.ngo meeting of the Fcder.ation of American 
Societies for Experimental Biology, May, 1947. 

This investigation was supported in part by the 
•Tolm and Mary E. Marklc Foundation and in part 
by the United States Na\w, Oflice of Xav.al Be- 
scarch. 

t Holmes, E., Physiol. Dev., 1939, If), 439. 

eBcst, C. n., Physiol. Dev.. 1931, 11, 371. 

3 Bragstedt, C. A., The Significance of Histamine 
in Anaphylaxis and Allergy, 1943. 

•* Dragstedt, C. A., The Dole of Histamine in 
Various Pathological Conditions and the Methods 
Controlling Its Effects. 1045. 

3 Feldberg, W., and Keogh, V., J. Physiol, 1937, 
no, 2S0. 

n Feldberg, AV.. and Kellaway, C. II., .lii.siralinn 
J. Exp. Dial. Med. Sci., 193S. 1C, 219. 

1 Kellaway, C. H., Trethewie, E. B., and Turner, 
W., Australian J. Exp. Biol. Med. Sci., 1040 
18, 2.53. 


organs of the cat and the rabbit. These results 
suggest that bacterial toxins interfere in some 
way ivith histamine metabolism. 

The present study is concerned with the 
changes in the histamine content of the 
blood and tissues of rabbits injected intra- 
venously with meningococcal endotoxin. 

Materials and Methods. The meningococcal 
endotoxin, as prepared by Boor and Miller, is 
a mixture of nucleoproteins, globulins, al- 
bumins, and a highly toxic glycolipid.®’®’^® 
Endotoxin was prepared from type I men- 
ingococcus grown for 18 to 20 hours on casein- 
digest agar. The microorganisms were washed 
thrice in saline, resuspended in water, brought 
to pH 8.2 to 8.5 and kept at a temperature of 
about 27°C for 2 or 3 hours and in the 
refrigerator overnight. The suspension was 
then neutralized and sterilized by heating 2 
or 3 times at 60° C for 25 minutes. Sterility 
was always proved by culture. This toxin mix- 
ture was heat stable,*' and could be kept in 
the icebox for several months without much 
change in toxicity. Since the chemical nature 
of meningococcal endotoxin is not yet known, 
it seemed best to use the original protein- 
glycolipid suspension. The rabbits were in- 
jected intravenously with a dose sufficient 
to cause death within a few hours and this 
dose is recorded in ml per kg body weight. 
The solid content of the toxin was 1.14% 
as determined by Boor. These e.xperimental 
conditions can be considered as acute men- 
ingococcal endotoxin poisoning. 

s Boor, A. K., .011(1 Miller. C. P.. .7. Exp. Med., 
1934, no, 63. 

9 Boor, A. K., .011(1 Miller. C. P., Arch. Path., 
1941, 21), 724. 

)" Boor, A. K., nna Miller, C. P.. J. Inf. Diseases 
1944, 7n, 47. 

iiynilcr, 0. P., Becker, B. At., Scli.od, Boretbo, 
and Bobbins, M. AVriglit, .7. Inf. Dis., 1943, 7.1, 24s! 
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Blood and Tissue Histamine 

EFFECT OF MENINGOCOCCAL ENDOTOXIN ON THE BLOOD HISTAMINE 

•OF RABBITS 



Thirty-eight rabbits, weighing from 2.4 
to 3.7 kg were used as experimental animals. 
No anesthesia was used, because it was found 
that narcosis itself caused significant changes 
in the blood histamine content of the rabbit.t 
Blood was removed by cardiac puncture and 
immediately delivered into a weighed amount 
of 10% trichloracetic acid. The extraction 
was made shortly afterwards. Blood histamine 
was determined according to the method of 
Barsoum and Gaddum,’- using the modifica- 
tion suggested by Code.^^ The histamine con- 
tent of the tissues was determined on weighed 
samples ground in a glass tissue homogenizer« 


t TJnpublisbed experiments. 

J 2 Barsoum, G. S., .and Gaddum, 


Phiislol, 1938, 85, 1. 

13 Code, C. F., J- Physiol, 1937, 80, 


G. H., 


O 


ot • 


j. 


in 10% HCl. Lipoids were removed from the 
tissue homogenates by ether extraction. The 
isolated ileum of the guinea pig, suspended 
in atropinized Tyrode at 37°C, was used as 
test object and the height of contraction was 
read directly on a scale. Each figure given in 
the tables and graphs is the mean of 5 parallel 
measurements (the S.D. did not e.xceed 
±15%). In all measurements, the effect of 
known amounts of histamine phosphate was 
compared with the tissue extracts, and the 
results were e.xpressed in terms of histamine 
base. 

Results. Control Observations. In 5 normal 
rabbits the histamine content of the blood 
was determined at 0, 30, 60, 120, and ISO 
minutes. There was no significant variation in 
the blood liistamine level during the course of 
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BLOOD HISTAMINE OF RABBITS AFTER INTRAVENOUS INJECTION OF 

HISTAMINE 



the experiment. 

In the first series of e.xperiments the con- 
centration of histamine was studied in the 
blood of 7 rabbits, following the intravenous 
injection of 3.6 ml of endotoxin per kg body 
weight. 

In all e.xperiments the histamine content 
of the blood fell sharply immediately after the 
intravenous injection of endotoxin and re- 
mained well below its normal level as long 
as the animal lived — a period of 2-3 hours. 
(Fig- 1) 

The mechanism involved in the disappear- 
ance of the blood histamine seems to be rapid. 
Since the endotoxin was the only foreign 
substance introduced into the animal body in 
these experiments, it might be supposed that 
endotoxin inactivates histamine. It was found, 
however, that when various amounts of hista- 
mine phosphate were added to the toxin, they 
could be recovered without significant loss 
by the same e.xtraction method used for the 
blood analyses. 

In (he second series of e.xperiments, the 
effects of simultaneous injections of histamine 
and endotoxin were studied in 7 rabbits. In 


each experiment a control observation was 
first made by injecting histamine alone. When 
0.3 mg histamine per kg body weight, in the 
form of histamine phosphate, was injected 
intravenously, the blood histamine content 
rose in 5 minutes to a level 2 to 3 times the 
normal. A 50% rise in blood histamine level 
was caused bj' an injection of 0.2 mg hista- 
mine per kg. (Fig. 2) 

When meningococcal endotoxin (3.6 or l.S 
ml per kg) was injected simultaneously with 
a dose of histamine, which varied from 0.3 
to 0.1 mg per kg no increase in blood hista- 
mine occurred. In each instance it fell to a 
significant degree. (Fig. 3) 

The simultaneous injection of meningococ- 
cal endotoxin plus histamine markedly short- 
ened the survival time of the rabbits. A dose 
of endotoxin, which usually caused death in 
7-10 hours (1.8 ml toxin per kg), when in- 
jected simultaneously with 0.3-0.15 mg hista- 
mine per kg killed the animal in 5-10 minutes. 
These amounts of histamine alone injected 
intravenously were never fatal. 

In the third series of e.xperiments, deter- 
minations were made of the histamine con- 
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Blood and Tissue Histahiine 


BLOOD HISTAMINE AFTER SIMULTANEOUS INJECTION 
OF HISTAMINE + MENINGOCOCCAL ENDOTOXIN 



Fig. 3. 


tent of the tissues of rabbits poisoned by 
meningococcal endotoxin. Seven animals were 
injected intravenously with 3.6 ml meningo- 
coccal endotoxin per kg, and their tissues 
analyzed immediately after death. The results 
are given in Fig. 4, which includes, for com- 
parison, the histamine content of the organs 
of S normal rabbits. A significant increase in 
muscle and liver histamine was observed. The 
histamine content of the liver, as well as that 
of the diaphragm, showed about a 4-fold 
increase over the normal, while the skeletal 
muscle showed an average increase of 2.4 
times the normal. 

Discussion. These e.xperiments show that 
the intravenous injection of meningococcal 
endotoxin into rabbits is followed bj' a rapid 
decrease in the histamine content of the blood 
and a considerable increase in the histamine 
content of the liver and muscle. The decrease 
in histamine content of the blood amounted 
to 2.75 histamine per ml of blood. If one 
assumes the total blood volume of a .> kg 
rabbit to be 7^ of its body weight’^ the total 
quantity of histamine which disappeared from 


the blood was 0.77 mg: i.e., 0.26 mg per kg. 
Based on the results of Levin and co-workers^® 
who determined the average weight of rabbit 
organs, the amount of histamine accumulated 
in the tissues was about S mg. (1.7 mg hista- 
mine per kg in a 3 kg rabbit.) Since the 
amount of histamine which disappeared from 
the blood is about 1/7 the amount found in 
the tissues of poisoned animals, it is probable 
that most of the increased tissue histamine 
did not originate from the blood but was 
formed in the tissues themselves. The tissues 
of the poisoned rabbits contained about 3 
times more histamine than the lethal intra- 
venous dose of this substance’*’ which circum- 
stance suggests that histamine ma\’ be re- 
sponsible for the death of the animals. These 
e.xperiments, however, do not provide con- 
i'* Potter, V. 1!., and Elvelijem, C. A.. J. Jiio!. 
Chem., 1936, 110, 493. 

15 Levine, C. J., il.ann, W., ITodpc, H. C.. Ariel, 
I., and DuPont, O., Pitoc. Soc. E.xr. Bion. akd 
3Ied., I.'ltl, 47, .SIS. 

IG Sollmaun, T., and Il.nnzlik, P. .T.. Introil. to 
Exp, Pliarmaco!., 102S, p. CS4. 
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HISTAMINE CONTENT OF TISSUES OF RABBITS 
POISONED BY ENDOTOXIN 



elusive proof of this supposition. 

Summary. Meningococcal endotoxin in- 
jected intravenously into rabbits caused a 
rapid decrease in the histamine content of 
the blood and an increase in the histamine 
content of liver and muscle. 

The decrease in histamine in the blood was 
not prevented by the intravenous injection 
of histamine along with the endotoxin. 


The survival time of rabbits injected intra- 
venously with meningococcal endotoxin was 
markedly shortened by a simultaneous in- 
jection of a small dose of histamine. 

The author wishes to tahe this opportunity to 
thank Dr. C. Phillip Miller and Dr. Alden K. Boor 
of the Department of Medicine for supplying the 
meningococcal endotoxin and for their advice 
regarding these experiments. 


16035 


Effect of Oral Streptomycin on the Intestinal Flora. 

L. W. Kane and G. E. Foley, (Introduced by L. Dienes.) 

From the Deportments of Medicine and Fathologxi and Bacteriology, Massachusetts General 
Hospital, and the Department of Bacteriology and Immunology, Harvard Medical School 


Boston, 

The majority of evidence seems to indicate 
that E. colt plays a predominant role in the 
pathogenesis of peritonitis following large 
bowel surgery.^ Among the other microorgan- 
isms most frequently encountered are the 
fecal streptococci (Lancefield Group D strep- 

1 ^tclcnoy, F. L., Harney, H. D., and >Tern, H. Q., 
Areh. Surg., 1P31, 22, 1. ' 


Mass. 

tococci), and Clostridium luclchii.'^ With these 
facts in mind, it seems logical to suppose that 
the incidence of post-operative peritonitis 
would be reduced if the E. coU present in the 
bowel were eliminated. The less readily ab- 
sorbable sulfonamides such as sulfaguanadine, 
sulfasuxidine and sulfathaladine have been 
used in an endeavour to accomplish this. 
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Oral Streptomycin 


Streptomycin as an antibacterial agent in 
the intestine, has the following properties: 
(1) soluble in water, (2) non-absorbable 
through the intestine, (3) non-toxic, (4) 
active in the presence of intestinal contents.- 
Six' cases were selected for study. Three of 
these had ulcerative colitis and 2 were pre- 
operative cases — a uretero-enterostomy and 
a large bowel resection. One was a normal 
individual. The 2 cases of ulcerative colitis, 
one pre-operative large bowel resection, and 
one normal individual were each administered 
1.0 g of streptomycin per os daily, in 2 
divided doses (0.5 g dissolved in a half-glass 
of water, morning and evening). The pre- 
» operative uretero-enterostomy received 0.4 
g of streptomycin per os 5 times daily. The 
third case of ulcerative colitis received strep- 
tomycin as a lavage per rectum; 20 ml con- 
taining 0.005 g streptomycin per ml was 
administered twice daily in an attempt to rid 
the distal segment of an old colostomy of 
E, colt. 

Aerobic and anaerobic cultures were planted 
daily with a generous amount (approximately 
0,5 g) of fresh stool collected from each 
patient. Bacterial counts per gram of wet 
stool were estimated from duplicate horse 
blood agar plates streaked with 0,05 ml of a 
1:1,000,000 dilution of stool. In the 2 pre- 
operative cases who received streptomycin, 
swabs taken directly from the mucosa of the 
colon at operation were planted in aerobic 
and anaerobic cultures. 


The results obtained in all 6 cases were 
essentially similar. A representative case is 
summarized in Table I. As can be seen in the 


Table, E. colt disappeared from the stool after 
streptomycin had been administered for 2 
days. In one case, a normal individual, E. coli 
disappeared in one day, and in the remaining 
4 cases, these microorganisms could not be 
cultured after 2 days on streptomycin. 

Since microscopic e.xamination of the stool 


showed an abundance of Gram negative rods 
even though E. coli could not be cultivated in 
aerobic or anaerobic media, daily motility 
tests were done on freshlj- collected stool sped- 
mens in order to ascertain 'whether or not 
these microorganisms actualh «ere dead. In 
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all cases, when E. coU could no longer be 
cultivated from the stool, wet smears made 
directly from the specimen failed to show 
motile microorganisms. The failure of E. colt 
to grow in the presence of sodium thioglycol- 
late or under anaerobic conditions, both of 
which have been reported as opposing the in 
vitro action of streptomycin,--® is further 
evidence that these microorganisms were non- 
viable. Since Bacteroides, a common anaero- 
bic saprophyte of the large bowel could be 
cultivated from most of these cases, even 
after E. colt had disappeared, it is possible 
that the Gram negative, non-motile, rods 
observed by direct microscopic examination 
belonged to this genus. 

E. colt reappeared in the stool the day 
following the last dose of streptomycin. Fecal 
streptococci, Clostridia, Bacteroides and Can- 
dida were unaffected by the streptomycin in 
the stool. It is noteworthy that Candida ap- 
peared in the stool on occasions after E. colt 
had disappeared (Table I). No change in 
the character of the stool was observed during 
streptomycin administration. The color, con- 
sistency and quantity was the same during 
therapy as it had been before. 

Discussion. The results obtained in this 
study are similar to those reported by Rei- 
mann. Price and Elias,^ and others,® who 
found that sensitive microorganisms could be 
eliminated from the stool by oral administra- 
tion of streptomycin; and that the stool could 
be kept free of such microorganisms as long 
as adequate streptomycin levels were main- 
tained. These authors also noted that the 
anaerobic flora of Uie stool was unaffected by 
oral streptomycin. 

It is of interest that although E. coli was 
eliminated from the stool in 3 cases of ulcera- 

- Donovick, 1?., anti Bake, G., Pnoc. Soc. Exr. 
Biol, akd Mm., 19-lC, Cl, 224. 

s Geiger, W. B., Green, S. R., and M'aksman, 
S. A., Pnoc. Soc. Exr. Biol., axi) Med., 1940, 
Cl, 1S7. 

•* Rcimann, H. A., Price, A. H., and Elias, tV. P,, 
Arch. Irtt. Med., 1943, 70, 209. 

r-Zintal, 11., I/Ockivood, J. S., and Snyder, J., 
Bidt. .-Ini. Coll. Surci., 1943, 28, 51. 


live colitis, no apparent effect upon the course 
of the disease was noted. In order to determine 
whether or not viable E. coli were present 
on the surface of the mucosa of the colon, 
in the cases who received streptomycin pre- 
operatively, direct swabs were taken at opera- 
tion. In neither of these cases could E. coli 
be cultivated. 

It is known that the non-absorbable sulfon- 
amides will reduce the number of E. coli 
present in the stool. In some cases, however, 
no reduction has been observed, yet in spite 
of the failure of these drugs to eliminate E. 
coli, clinical reports indicate that pre-operative 
administration decreases the incidence of 
complicating peritonitis and abscess forma- 
tion following surgical manipulation of the 
colon It would seem on the basis of this 
study, that streptomycin is more effective 
than the sulfonamides in ridding the colon 
of E. coli. It has the further advantage of 
avoiding the risks associated with the use of 
the sulfonamides. Accordingly, the oral ad- 
ministration of streptomycin in the pre- 
operative preparation of patients who are to 
undergo surgery of the colon is suggested. 

Summary. The oral administration of as 
little as 1.0 g of streptomycin daily eliminated 
E. coli from the stool of S patients within 2 
days. The stool could be kept free of these 
microorganisms as long as adequate strepto- 
m3'cin levels were maintained, but reappeared 
promptly when it was discontinued. Swabs 
taken at operation from the mucosa of the 
colons of two patients who had received pre- 
operative streptomycin did not contain E. coli. 
These microorganisms also were eliminated 
from the distal segment of a colostomy by 
streptomycin lavage per rectum. Streptomycin 
did not affect the anaerobic flora of the stool, 
and had no appreciable effect on the fecal 
streptococci. 


CBckrcna, M., Stirg. Clin. Korth Am., 1944, 
24, 23S. 

‘Bacon, IS. E., ci at., J. Internal. Coll. Snro , 
1945, 8, 20. 

sPuIiski, E. J., and Anisp.iclier, tV. H., Ball. 
C. S. Armt/ M. Dept., 1946, C, 750. 



204 


16036 P 

Effect of Penicillin on the Reaction Between Phage and Staphylococci. 
A. P. Kkueger, T. Cohn, and N. Noble. 

From the Department of Daeteriology and Office of Iraval Desearch SCash V, Univcrsiti/ of 

California, 


In Fleming’s original paper on penicillin,^ 
he described the 13 'sis of staphylococci by this 
agent. Since then the lytic process and ancil- 
lary morphologic changes in the bacteria con- 
cerned have been studied fay several investiga- 
tors.-"® We wish to report here the effect of 
penicillin on the lytic action of bacteriophage.* 
The phage employed in our e.vperiments is 
the “K” race; it and the homologous strain 
of Staphylococcus aureus have been used in 
studies described in a series of papers ap- 
pearing since 1929. Stock cultures were grown 
in Roux flasks for 18 hours at 36°C. In order 
to have a substrate of actively' growing cells, 
1 X 10® staphylococci/ml were suspended in 
100 ml of broth contained in a 500 ml flask; 
aeration was provided by placing the flask in 
a shaker operating in a water bath set at 
56 "C. When growth had progressed to a 
level of 1 X 10® bacteria/ml, the cell suspen- 
sion was removed from the shaker and used 
for the experiments described below. To 
determine [bacteria] when values were >5 
X 10® staphylococci/ml, the direct micro- 
scopic count method was emploj^ed. For lytic 
curves, visual comparison was made with 
standards covering a range from 2 10' to 


1 PJoDiing, A., Brit. J. Exp. Path., 1929, 10, 1. 

* Since pxepaxntion of this article for publication. 
Dr. Winston Price of Eockefellor Institute lias 
informed us in a personal communication of similar 
studies be lias completed using another phage and 


bacterial substr.ate. 

2 Gardner, A. D., Xalure, 1940, 140, S37. 


3 Fleming, A., Lancet, 1941, 241, 761. 

4 Smith, L. D., and Il.ay, T., J. Fraiihlin Inst., 
1942, 233, 59S. 

5 Weiss, L. J-,. Indiana Acad. Sci., 1943, 

"“^Miller, C. P., awl Poster, A._Z., Pnoc. Soc. 
Exp. Biol, axd Med., 1944, 50, 20o. ^ 

7 Todd, E. W., Lancet, 

spisher, A. M., J. Bad., o39. 


5 X 10® staphylococci/ml in formalinized 
broth. The fluid medium throughout was 
tryptose phosphate broth. Phage determina- 
tions were carried out by Gratia’s method® 
of counting plaques and the values noted 
below are in plaques/ml. 

A 10 ml mixture containing 5x10® staphy- 
lococci/ml, 5 X 10® phage units/ml and 10 
units of sodium penkillin/ml was placed in a 
test tube and shaken at 56 °C. Turbidity 
readings were made ever^'^ 0.2 hour. This was 
also done with a suspension from which the 
phage was omitted and with one containing 
no penicillin. Using as an end-point the re- 
duction of turbidity hy SOfo, i.c., to 2.5 x 10® 
staphylococci/ml, it was observed that the 
suspensions Ij'sed in the following order; 
Phage -f- penicillin, O.S hours; phage only, 
2.0 hours; penicillin only, 2.7 hours. 

When the initial concentration of phage 
was reduced to 5 x 10' phage units/m), the 
respective times of lysis were: Phage -f- pen- 
icillin, 1.1 hours; phage only, 3.8 hours. 

The accelerating effect could not be demon- 
strated in suspensions made up in Locke’s 
solution; lysis was considerably delayed in 
the phage -f- penicillin suspension and the 
Ij'tic curve paralleled that for penicillin alone. 

Repetition of the e.xperiment with concen- 
trations of penicillin varying from one unit/- 
ml to 1,000 units/ml showed that the accelera- 
tion of lysis took place uniformly in all con- 
centrations and was independent of (pen- 
icillin) within this range, 0.01 unit of pen- 
icillin, ml and lesser concentrations had no 
measurable effect in speeding up phage- 
engendered lysis. 

An experiment lA'as performed to determine 
how long a period of penicillin action was re- 
quired in a mixture of bacteria and phage 

a Gratia, A., Ann. Inst. Pasteur, 193G, S7, 0o2. 
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to produce the characteristic acceleration. 
Several 9 ml mi.vtures of phage and bacteria 
in test tubes were prepared containing 5 x 
10® staphylococci/ml and 2.5 x 10® phage 
units/ml. The tubes were placed in the shaker 
at 36°C and at intervals of 10, 20, 40, and 
60 minutes from the time of mixing, one ml 
of penicillin solution (10 units) was added to 
successive tubes. 

The addition of penicillin at 10 minutes and 
20 minutes produced 50% lysis 0.7 hours 
ahead of the tube containing phage only. 
When penicillin was added after 40 minutes 
had elapsed, the lytic end-point occurred 0.5 
hours before that in the phage control. With 
these particular concentrations of bacteria and 
phage, a tj’pical acceleration could be secured 
if the penicillin acted at least 0.9 hours on 
the cellular substrate. Exposure to penicillin 
for a period of from 0.4 to 0.7 hours reduced 


the time of lysis by 0.5 hours. 

In many of the e.xperiments performed when 
the initial concentrations of bacteria were 
5x10® staphjdococci/ml or greater, the initial 
phage concentration 5 x 10® phage units/ml 
and the concentration of penicillin between 
10 and 1,000 units/ml, clearing of the sus- 
pensions occurred without any increase in 
turbidity. Despite the absence of obvious 
bacterial reproduction, there were increases in 
[phage], up to a ma.ximum of 10-fold, as 
determined by the plaque count. The methods 
used for detecting any increase in [bacteria] 
were not critical, however, and this point 
should be reinvestigated with more sensitive 
procedures. 

A detailed account of further e.xperiments 
with penicillin and phage action will be pub- 
lished elsewhere. 
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A Bacteriophage for Mycobacterium smegmatis * 

Grace M. Gardner and Russell S. Weiser. (Introduced by E. J. Ordal.) 

From the Department of Microhiology, University of Washington School of 2Iedicine, Seattle, 

Wash. 


During investigations on the isolation of 
microorganisms antagonistic to the myco- 
bacteria a bacteriophage active for Mycobac- 
terium smegmatis was encountered.' The find- 
ing of this bacteriophage is of interest because 
it is. to our knowledge, the first definite evi- 
dence of a bacteriophage among the myco- 
bacteria. Steenken- described spontaneous 
lysis in old colonies of Mycobacterium tuber- 
culosis H37Rv which mat' have been due to 
bacteriophage action. He determined that the 
lytic factor was filterable but did not identih' 
it as a bacteriophage by all of the usual 

* This work w.-is supportod by a gr.ant from the 
.Mice MoBermott Research Foundation of the ITni- 
versity of Wasliington. 

1 Weiser, R. S., and Gardner, G. it., iinputdishcd 
results. 

2 Steenken, tV., Jia. T.cc. Tiih., 1P3S, 38. 777. 


criteria. Lysis appeared when the cultures 
were 3 to 4 months old and the pH of the 
medium had dropped to values of about 
4.2 to 4.6. It began in the center of the colon- 
ies and spread to the periphery. The filtrate 
produced h'sis of living bacteria at pH 4.2 to 
4.S and of both living and heat-killed bacteria 
at pH 2.2 to 4.0. Secondary resistant colonies 
developed in old liquefied areas. 

The fact that bacteriophages for the myco- 
bacteria have not been reported previously 
suggests that they may be very limited in their 
distribution. The successful isolation of one 
of them in the present work may have been 
due to the particular enrichment treatment 
employed. 

The enrichment was carried out on 200-g 
samples of moist leaf compost to which a small 
amount of calcium carbonate was added. The 
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Bacteriophage for 

samples were collected from various locations 
in the city. They were incubated at 37°C 
for 8 months and treated semi-weekly with 
5 to 10 ml of a heavy well-washed suspension 
of a young culture of M. smegma th. The sus- 
pension was prepared from organisms grown 
on glycerine Wth for one week at 37'"C. The 
culture mass was ground in a mortar and 
washed twice in physiological salt solution. 

After 3 months of enrichment, tests for 
organisms antagonistic for M. smegmatis were 
begun by making fixation plates of dilutions 
of the compost ranging from 1:100 to 1:- 
100,000. The medium used for plating was 
nutrient agar containing 1% glycerine and 
heavily inoculated with M. smegmatis. 

Soon after beginning the tests, bacterio- 
phage plaques were noted on the plates made 
from two of the compost samples. They had 
smooth edges and displayed a halo of partial 
lysis about a central clear zone of complete 
lysis. Isolated plaques attained a diameter 
of about 3 mm. Smears made from the clear 
areas contained only an occasional acid-fast 
organism. The material from the clear areas, 
Avhen sub-cultured on bacteriological media, 
likewise, yielded only acid-fast organisms. 

A Berkefeld filtrate was prepared from 
plaque material and the bacteriophage sub- 
cultured several times on plates. Filtrates of 
plaque material from the sub-cultures con- 
tained the bacteriophage in a concentration 
of 300 billion particles per ml. 

No particular attempt was made to deter- 
mine that the bacteriophage AA'as a pure strain, 
HoAvever, preliminary tests indicate that the 
bacteriophage is specific for our stock strain 
of M. sjnegmath. It proved to be inactive for 
Mycobacterium phlci and a second strain of 
M. smegmatis. 

The bacteriophage was inactivated by a 
temperature of 75°C for 10 minutes but 
remained active when held at 72°C for 10 
minutes. It preserved rvell in 50% glycerine 
and by lyophilization. 

\s a test of the effectiveness of the method 
used for the isolation of bacteriophage for 


Mycobacterium smegmatis 

M. smegmatis the enrichment procedure was 
repeated using a sample of soiF collected on 
the University campus. Precautions were taken 
in this trial to prevent possible contamination 
of the test plates with the specific bacterio- 
phage we had previously isolated. Weekly 
tests for the presence of bacteriophage were 
negative until the third week of enrichment 
when plaques first appeared. Tests on the 
control unenriched sample of soil were nega- 
tive for bacteriophage. The plaque char- 
acteristics of this newdy isolated bacteriophage 
did not appear to be different from those of 
the previous isolate. 

Discussion. In our work on the isolation of 
microorganisms antagonistic to the myco- 
bacteria we have used both enriched and un- 
enriched soil and compost. The bacteriophage 
was isolated from 2 of 6 samples of enriched 
compost and from one sample of enriched 
soil. It Avas not encountered in S samples 
of unenriched compost and 4 samples of soil. 
Apparently the isolation of the bacteriophage 
was facilitated by the specific enrichment 
employed, and possibly because the enrichment 
Avas carried out on the soil and compost sam- 
ples preliminary to filtration rather than after 
filtration. 

Bottcher and Hofer“ haA'e emploj^ed specific 
preliminary enrichment of soil for the isola- 
tion of bacteriophage for the legume bacteria 

adding a special medium heavily inocu- 
lated with the organism. The present method 
differs from that of Bottcher and Hofer inas- 
much as the organisms added AA'ere free of 
medium. It is possible that the lack of medium 
maA' operate to advantage by reducing the 
possibility of suppression of the specific or- 
ganism or its bacteriophage by OA-ergroAVlh 
of some other organism. 

Summary. A bacteriophage specific for ill. 
smegmatis AA'as isolated from samples of 
compost and soil by specific enrichment AA’ith 
a heaAy AA’ashed suspension of M. smegmatis. 
The method of enrichment employed may be 
useful in the isolation of other phages. 

3 Bottcher, J., and Hofer, A. W., J. Bad., ISI.I, 
45 , 407 , 
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Tissue Toxicitj' of the Germicides Iodine and Bromine.* 

H. Faekas. (Introduced by L. Olitzki.) 

Frohx the Department of Hygiene and Bacteriology, The Sehrew University, Jerusalem. 


Lambert’-- as early as 1916, defined the 
ideal antiseptic as one which kills the infecting 
agent without causing injury to body cells. 

In accordance with this definition he evalu- 
ated a series of germicides in terms of relative 
toxicity to Staphylococcus aureus and human 
connective tissue cells respectively. In differ- 
ent later investigations, various other tissues 
were used for tests of this type. Lampert 
and IMeyer’’ used rabbit spleen, German-* and 
Buchsbaum and Bloom’* used chick tissue 
culture, while Salle and Lazarus® used em- 
bryonic chick heart tissue for their experi- 
ments. In experiments carried out by Salle 
and iMcOmie" and Salle, ^IcOmie and Schech- 
meister,® embryonic tissue was used as the 
test substance. Similar investigations were 
carried out by Osgood® and Herrell and Heil- 
man.’® 

In other methods of determining toxicity 
for tissue, living chick embryos have been 
employed as the test object. The living 

* Based on d.ata submitted in p.arti.al fulfillment 
of the requirement for the degree of Ph.D., The 
Hebrew -Gniversity, Jannarr, 191G. 

The investigation was supported by a grant from 
the Palestine Potash, Ltd, 

1 Lambert, B. A., J. Erp. Med., 1910, 24, GS3. 

2 Lambert, R. A., J. A. Jf. A., 1910, 07, 1300. 

3 Lambert, R. A., and Meyer, ,T. R., Pnoc. Soc. 
Exp. Bion. .vxd Mtu., 1920, 23, 429. 

•t Gcritvan, tV. J., Arch. Surp., 1929, 18, 1920. 
r> Buchsb.aum, R., and Bloom, IV., Pnoc. Soc. 
Exp. Biou. .txD Med., 1931, 28, 1000. 

•■•Salle, .T., and Laz.arns, A. S., Pp.oc. Soc. 
Exp. Biod. .rXD JtED., 193o, .32. 14S1; 33, S, 005, 
9.37, 1057, 1119. 

• Salle, A. J., McOmic, IV, A., and Scheelimeister, 
r. L,, ,r. BacL. 19.37, .34’ 207. 

s Salle, A. .T.. McOraie, IV. A., and Schechmeister, 
I. L., Prop. Soc. Exp. Biol, .vnd Meo., 193S, 
37, 094. 

e Osgood, E. E., Arch. Tnt. Med., 193S, G2, ISl. 
ns ITcroll, IV. K,, and ncilman, D., Am. J. Med. 
1943, 20.-;, 157. 


embryo is preferable to tissue culture for 
this purpose as it presents conditions -which 
approach more closely^ the complexity of 
the tissue interrelations of the intact animal. 
The developing egg presents the additional 
advantage that it consists of rapidly growing 
embryonic tissue in a perfect nutritional en- 
vironment, and furthermore contains large 
amounts of albuminous material with which 
the bactericidal agent can come into contact. 
Moreover, the chick embrjm is convenient 
to handle because of mechanical protection 
and the ease of repeated access to the embryo 
w-hich is afforded by the egg shell. 

’Tests of disinfectants for their potency 
m vivo by chick embry-o methods, were carried 
out by Witlin,” Dunham,’- and Green and 
Birkefand.’® 

In a third method the toxicity test is 
carried out in the presence of blood. The use 
of this test object is indicated because of its 
known role in infection, and because of the 
high sensitivity- of blood cells to the germ- 
icides. Welch and Brewer” claim that “ap- 
plication of antiseptics which destroy this 
function at dilutions w-hich cannot destroy' 
bacteria is a harmful practice”. In papers by’ 
Nye Welch and Hunter,’® and Hirsh and 
Novak,’" phagocytes were used as test object 
of the toxicity assays. 

In the follow-ing e.xperiments the two last 

11 Hitlin, B., Pp.oc. Soc. Exp. Biol, axd Med,, 
1942, 49, 27. 

i:Danh.-im, IV. E., Pr.oc. Soc. Exp. Biol, akd 
Med., 1942, .-JO, 274. 

13 Green, T. IV., and Birkel.-ind, J. M., Peoc. Soc. 
E.xp. Biol, .vxd Med., 1942, 51, 55. 

iiWelcb, H., .and Brewer, C. M., J. Immunol, 
1942, 43, 25. 

l3Xyc, R. X., .T. A. If. A., 1937, 108, 2S0. 

10 ■Welch, H., and Hunter, A. C., Am. J. Bub. 
Health, 1940, 30, 129. 

17 Hirseb, JL VI., and Xov.ak, VL V,, Pp.oc. Soc. 
Exp, Biol. .\>.-d VIed., 1942, 50, 370. 
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Tissue Toxicity of Iodine and Bromine 


TABLE I. 

Effect of Halogens on Phagocytosis. 


Exp. Ko. 

Halogen 

Concentration, 

% 

Polynueleara 
taking part in 
phagocytosis, 
% 

c 

No. of h.'ictcria 
ingested per 100 cells 

1 

Brn 

1.75 

45.7 

1.2 


le 

0,5 

13.5 

0.27 

O 

Bro 

1.25 

52.0 

1.7(> 


I 2 

0.25 

25.5 

0.57 


mentioned methods were used with some 
modifications. 

In. earlier tests comparing the disinfectant 
activities of bromine and iodine, it was ob- 
served that bromine in vivo (rabbit test) was 
more active than iodine, whereas the latter 
was more effective than bromine as a dis- 
infectant in vitro (Rideal-Walker test). This 
suggested that bromine applied on living tis- 
sue might be a more efficient antiseptic for 
use on wounds, cuts and abrasions than iodine. 

Toxicity tests on both halogens were under- 
taken. The method of Hirsh and Novak^^ 
was employed, In this method the highest 
dilution which destroys the phagocytic power 
of leucocytes is determined (toxicity end 
point) and divided by the highest dilution 
which kills the test organism (germicidal end 
point) under the same conditions. Thus, by 
dividing both end points a toxicity index 
which ex-presses the disinfectant power of the 
tested substance in vivo is obtained. A diffi- 
culty was encountered in carrying out the 
test as described by Hirsh and Novak.^' Even 
when 7 parts of saturated bromine solution 
of 3.5% were added to one part of blood 
marked phagocytosis still occurred. Thus, 
when the prescribed amount of blood was 
decreased from 50% to 12.5%, the toxicity 
end point was still not reached. It is clear, 
however, that the toxicity index is well under 
1 and therefore highly favorable. 

’in another series of e.xperimenfs a slight 
modification of this e.xperimental technique 
was employed. The germicidal end point 
was determined as described above but the 
harmful effect of the halogens on the leuco- 
S « 1 .v,Ud by S'””'.™”" 

halogens for 30 minutes at 37 C m dilution 


which prevents growth of the test organism. 
The bacteria were added and a contact time 
of 10 minutes was allowed, the mixture being 
shaken thoroughly in the meantime in a water 
bath of 37 “C to assure contact between blood 
cells and bacteria. After staining the blood 
smears with Loeffler’s methylen blue, 100 
polymorphonuclear leucoci’tes were counted 
and ( 1 ) the number of the cells taking part in 
phagocytosis and (2) the number of bacteria 
ingested were determined. By comparing the 
effect of the 2 halogens, the one more harmful 
to the leucocytes could be recognized. The 
results are summarized in Table I. 

In a further series of experiments, a modi- 
fication of Green and Birkeland’s*'* method for 
testing a disinfectant on living embryo was 
used. Chorio allantois of living embryos was 
infected with 5. anretis according to Good- 
pasture and Buddingh.^® The amount of 
bacteria was so chosen that the embri'O was 
killed after 24-48 hours. When disinfectant 
is added in an appropriate amount, it slops 
the development of the bacteria, and the 
embryo can survive the infection. The dis- 
infectant to be tested is used in a concentra- 
tion which in blank e.vperiments does not have 
a harmful effect on the embryo, .^fter infect- 
ing the chorio allantois with a lethal dose 
of bacteria, a specific time is allowed to 
enable the bacteria to begin logarithmic 
growth. The proper time was determined by 
agar plate counts. The disinfectant to be 
tested is added about 3-4 times during 48 
hours. By comparing the death rate occurring 
after treatment with various disinfectants, 
the relative efficacies were determined. 

18 Goodpasture, E. M'., and Buddiiigli, G. .1., 
Am. J. nyg., 1035, 21, 310. 
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TABLE ir. . , ^ , 

Aiitibaeterlal and Tosig Action of Halogens on Living CincJ; Embrjos. 


No. of dead 


Bacteria 

inoculated 

Halogen 

Conc.,% 

No. of eggs 
under exper. 

embryos 
after 48 hr 

Death rate, 
% 

2slOG 

2x100 

2x100 

2x100 

Br- 

Br- 

io 

I 2 

Bro 

Ero 

0.2 

O.OG 

O.OS 

0.08 

0.1 

0.00 

23 

11 

12 

16 

5 

5 

5 

20 

5 

6 

14 

1 

0 

1 

87 

45 

50 

87,5 

20 

0 

20 


In each experiment 2x10® cells of 5. atireus 
from 18-24'hours-old broth culture were used. 
The eggs were placed for 2-3 hours in an 
incubator at 37°C to allow the bacteria to 
begin to multiply. The disinfectants were 
added after 3, 8, and 24 hours. In control 
experiments saline instead of halogens was 
added. The embryos were opened after 48 
hours. The results obtained with bromine and 
iodine are given in Table II. These experi- 
ments, too, show that bromine in presence of 


living tissue is a better disinfectant than 
iodine. 

Coiichisioi. The assertions of Babcock^® 
concerning the effectiveness of bromine 
in vivo in treatment of wounds is confirmed 
by the toxicity tests. 

~ M Babcock, W. V., J. A. JIT. A., 1945, 139, 1094. 

The author wishes to state that this investigation 
owes mucti. to tho interest and lielp of her late 
teacher, Prof. I. J. Kliglcr. 


16039 

Mumps Meningo-Encephalitis. Isolation in Chick Embryos of Virus from 

Spinal Fluid of a Patient. 

Gertrude Henle and C. L, McDoucaex. (Introduced by W. Henle.) 

From The CliiiSrcn’s Hospital of Philadelphia (Department of Pediatrics, School of Hedicinc, 
University of Pennsylvania), Philadelphia, Pa. 


hleningo-encephalitis may occur as a com- 
plication of parotitis or as a primary mani- 
festation of infection with the virus of mumps. 
Whereas in the first instance the time relation- 
ships tend to permit a diagnosis of mumps 
meningo-encephalitis, the diagnosis of the 
primary encephalitic manifestation has been 
placed on a firm basis onU'^ since the develop- 
ment of a complement-fixation technic by 
Enders and his co-workers.^ The demon- 
stration of a rise in complement-fixing anti- 


* The work described in this paper has been 
aided by tlio Oflice of K.aval Bescarch. 

1 Enders, J. P., Kane, L. W., Clohcn, S., and 
Lorens, J, IL, .T. Exp. Med., Ift-io, 81, D3. 


bodies in convalescent serum as compared to 
the antibody titer in the serum specimen ob- 
tained in the first days of the disease may be 
taken as diagnostic evidence of mumps." By 
this means, a considerable number of cases 
of meningo-encephalitis without prior or con- 
comitant parotitis can be diagnosed as due 
to mumps.® Differentiation between anti- 
bodies to the soluble and to the virus anti- 
gens* ma.v be of further diagnostic help. 

= Enders, J. E., Cohen, S., nnd Kane, L. "W., 
,7. Exp. Hcd., 1915, 81, 119. 

SKane, L. VT., and Enders, J. F., J. Exp. Med., 
19-15, 81, 137. 

* Henle, G., Hcnlc, W,, and Harris, S., Proc. Soc. 
Exp. Biol, akd Med., 1947, 04, 290. 
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Muiips Meningo-Encephalitis 


Antibodies to the soluble antigen tend to ap- 
pear earlier than antibodies to the virus anti- 
gen in a high percentage of infections with 
the mumps virus. When this pattern of serum 
reactivity occurs, it is only found in the first 
few days of infection.® 

Another approach to the diagnosis of 
mumps meningo-encephalitis has been the 
attempt to isolate the etiological agent from 
the spinal fluid. One such attempt has been 
successful in the monkey® but inoculation 
of chick embryos failed.®-' In the case to be 
reported here a virus was obtained from the 
spinal fluid of a patient with meningo- 
encephalitis without parotitis on the second 
day of illness by the intra-amniotic inocula- 
tion of chick embryos. This agent has been 
identified as mumps virus. 

Case history. The 5j4-year-old patient A.P. 
was admitted to the hospital on. 17 March 
1947, complaining of fever, severe headache, 
and occasional vomiting of 2 days duration. 
The child appeared moderately ill. Physical 
examination revealed mild nuchal rigidity 
but no other neurological signs. A slight in- 
jection of the pharynx and of the orifices of 
Stenson’s ducts was noted but no parotid or 
other glandular swelling. The temperature on 
admission was 103 °F, the pulse 108 per min- 
ute. All other examinations were negative. 


In the night following admission the tem- 
perature rose to 105°F, but thereafter de- 
creased steadily and returned to normal on 
the 4th day in the hospital. The headache and 
nuchal rigidity persisted for 2 days. On the 
day after admission, 18 March 1947, a slight 
disturbance in swallowing was reported which 
was of very short duration, and complaints 
of moderate abdominal pain were reported. 
Thereafter the child improved steadily and 
was released from the hospital after 15 days 
on 1 April 1947. There was no known e.xposure 
of the patient to mumps. However, a sister 
developed parotitis on 29 Marcli 1947. 


B Hcnlo, a, to to puMished. 

oswan, C., and Jrawsoii, J., Jtrd. J. Aiistrol., 

W. I. B., Lind, B- E. 

S. G., Austral. J. Erp. Siol. ami Med. Sc., 13«. 


24, 15. 


Laboratory findings. Spinal fluid was ob- 
tained from the patient on the day of admis- 
sion, i.c., on the second day of illness. The 
initial pressure was 450 mm H^O, the final 
recording 290 mm. The fluid was slightly 
cloudy and contained 450 cells per cu mm, 
of which 92% consisted of lymphocytes, 7% 
of endothelial cells, and 1% of polymorpho- 
nuclear leukocjdes. No bacteria could be 
demonstrated in stained smears, nor could any 
organisms be cultured on bacteriological 
media. The total protein in the fluid was 
10 mg, sugar, 30 mg and chlorides 712 
mg/100 ml. Subsequent spinal fluids taken 
24 March and 31 March 1947 showed similar, 
although increasingly' milder, changes, the 
last spedmen containing SS cells per cu mm. 

The blood picture on admission was as 
follows: 4,500,000 erythrocytes, 13 g hemo- 
globin, 17,000 white cells, of which 60% 
were granulocytes, 40% lymphocytes, and 
4% monocytes. A subsequent study of the 
blood on 31 March 1947 was essentially 
normal. 

Other studies included tuberculin tests 
with O.T. 1:10,000 and 1:1,000, which were 
negative. The Kolmer-IVassermann, Kahn 
and complement-fixation tests for lympho- 
cy'tic choriomeningitis with the serum of the 
patient taken 1 April 1947, likewise, were 
negative. Attempts to isolate this virus from 
the spinal fluid drawn 17 IMarch 1947 failed.t 

Serological tests for mumps. The prepara- 
tion of complement-fi.vation antigens and the 
technic used for the complement-fi.xation test 
have been described.* The tests performed 
with the sera obtained during the early stage 
ol the disease were not revealing in this case. 


TABLE I. 

KcshU of Complement Fix.'ition Tests mth Sera 
from Patient A.P. 



Dav after 

Scrum titer (initial dilution) 

Scrum 

onset of 

VS. 

^peoiiHcn 

(tiseaso 

Soluhic .-intipcn t'iriis antigen 

SlT-d? 

o 

I: 4* 1: 4 

■21 

(> 

1: 4 1; S 

■25 

10 

1: S 1: 32 

4- 1 

IT 

1:10 1:12S 

* Co^npIcte fi-v.-ilion of complement in .scrum dilti- 

tioii 1:4. 




t These tests ncrc performed hy Dr. M. M. Si^ol. 
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As can be seen in Table I, low concentration? 
of "antibodies to .the ^luble.as well. as, to the 
virus antigen were found on the 2nd day after 
onset. However, a definite diagnosis of in- 
fection with mumps virus was possible because 
subsequent specimens of serum showed sig- 
nificant rises in antibodies to both antigens. 

Isolation of virus. Spinal fluid, drawn on 
the second day of illness was kept frozen 
at -10°C until injection of chick embryos 
was possible. Eight 8-day-old embryos were 
inoculated into the amniotic sac with 0.1 ml 
of undiluted spinal fluid each. After incuba- 
tion of the eggs at 36 to 37°C for 5 days, the 
amniotic and allantoic fluids of each embryo 
were collected separately and tested on a 
slide for their capacity to agglutinate chicken 
red cells.® A slight degree of hemagglutina- 
tion was observed with several of the amniotic 
fluids. The bacteriologically sterile pool of 
all amniotic fluids was used for further pas- 
sage. Five out of 16 embryos of the second 
amniotic passage died, and of the 11 remain- 
ing embryos 10 amniotic fluids but none of 
the allantoic fluids showed positive hemag- 
glutination. On the 4th amniotic passage the 
virus in the amniotic fluid reached a 50%- 
infectivity end point of 10"®-® and a hemag- 
glutinin titer of 1:1024 as measured by the 
pattern test.-* From the 7th amniotic passage 
on, when the hemagglutinin titer in the 
amniotic fluid exceeded 1:4096, a slight de- 
gree of hemagglutination became discernible 
in the allantoic fluids. Inoculation of amniotic 
fluid of the 9th passage into the allantoic 
sac of S-day-old chick embryos resulted in 
some propagation of the agent in this cavity. 
.■\fter 5 days of incubation, the pooled al- 
lantoic fluids showed a hemagglutinin titer 
of 1:128. 

The identity of the virus has been estab- 
lished in 3 ways. First, neutralization tests 
were performed in chick embryos with am- 
niotic fluid of the 4th passage. Rabbit anti- 
mumps serum in dilution 1:10 neutralized 
10,000 ID^o of the agent, whereas rabbit 
anti-influenzn sera failed to do so. A human 

SLcvcns, ,T. n., nn<l Endcis, J. E., Science, 1945, 
102, 117. 


convalescent serum of high complement-fixing 
activitv reacted to an extent comparable to 
that of the specific rabbit immune serum. 
Second, complement-fixation tests with the 
amniotic fluid of the Sth amniotic passage 
as antigen revealed strong reactions with 
known mumps convalescent sera but no, or 
lesser, reactions with sera taken from the 
corresponding patients during the acute stage 
of the disease. Finally, the same amniotic 
fluid (Sth passage) was found to produce 
typical, although mild, parotitis in 2 out of 
4 individuals who were judged susceptible to 
mumps by the results of complement-fixation 
tests prior to e.xposure.t All 4 cases developed 
antibodies to both the soluble and virus anti- 
gens. Thus, there was no doubt that the agent 
constituted a strain of mumps virus. This 
strain differed markedly from the one pres- 
ent in the laboratory at that time in the 
following respects: The new strain grew in 
the early passages only in the amniotic sac 
whereas the laboratoiy strain propagated 
equally well in the allantoic and amniotic 
cavities; also, the new strain gave rise to 
clinical mumps in exposed human subjects, 
while the laboratory strain produced only 
subclinical infections as demonstrable by rises 
in antibodies beginning on the 13th to 19th 
day after ex-posure.t 

Suminary. A virus has been isolated from 
the spinal fluid of a patient with meningo- 
encephalitis without parotitis by inoculation 
of chick embryos bj'- the amniotic route. This 
agent has been identified as mumps virus. 

note: Since this paper was written mumps 
virus has been recovered from the spinal fluid 
of another patient (T.P.) with meningo- 
encephalitis without parotitis. Positive red 
cell agglutination was obtained in second 
passage amniotic fluid. The finding of circu- 
lating complement-fixing antibodies against 
the soluble antigen (titer 1:16) but not against 
the virus antigen of the mumps virus estab- 
lished the diagnosis on the second day of 
illness. 

t These data, obtained in collaboration ^vith 
Drs. Joseph Stokes, Jr., and Harriet Davis, will 
be published in greater detail separately. 
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Effects of Radiotoxic Dosages of upon Thyroid and Contiguous Tissues 

in Mice.*'‘ 


Aubrey GoRuarAN. (Introduced by E. D. Goldsmith.) 

From Barnard College, Columbia University, New York. 


It seems remarkable that despite the e-x- 
tensive use of radioactive iodine in e-xperi- 
mental and clinical studies no information has 
appeared in the literature concerning the ra- 
diation dosage from which injury may be 
e.xpected in the thyroid gland. Such informa- 
tion seems implied in the use of for the 
destructive irradiation of human thyroid car- 
cinoma, but even here knowledge of a pos- 
sible differential in radiation-sensitivity be- 
tween normal and neoplastic thyroid tissue 
is greatly to be desired. 

In an exploratory study, 36 inbred mice 
(.\ and Cnr strains), 2 to 5 months old, and 
of both sexes, have been given “tracer'’ quan- 
tities of P'** in the form of Nal in neutral 
aqueous solution by subcutaneous injection. 
Mice were fed purina laboratory chow and 
kept at a constant temperature of 72'’±:I°F. 
Radiation dosages ranged from 100 to 1000 
microcuries. Calculation of dosage was made 
from standardizations on a Geiger counter 
which, in a survey by the National Bureau 
of Standards in June. 1947. compared favor- 
ably in sensitivity to P’” with instruments at 
most other institutions. Mice were sacrificed 
2, 3, 24, or 120 days after injection. Th.v- 
roids £ind surrounding tissues were serially 


sectioned. 

Table I provides an appro.xinuite summary 
of the observations made. 

striking early effect of the localized ra- 
diation was a periglandular edema which 
separated the thyroid from surrounding struc- 
tures and e.xtcnded even into nciahboring 
muscle. The edematous connective tissue was 
extmsivelv infiltrated by lymphocytes, poly- 
morphonuclear leucocytes, and some mast 
cells Pycnosis of areas of tracheal epithc- 


'‘Tliis 1,«m. ai.lr.l bv a cnmt 

■ro.n tbe .Tano fomn Cl.il.ls Mom.M-.al M.n.t fn, 
Rosea reli. 


Hum was common. In animals killed on the 
second day following injection of 300 micro- 
curies (20-23 millicuries P'** per kg) there 
was little effect beyond this. In the animal 
killed 2 days after receiving 53 me per kg 
the thyroid appeared as an eosinophilic mass, 
amorphous in medullary parts, but with rec- 
ognizable surviving follicles in the peripheral 
parts of the gland. Cells with still stainable 
nuclei either were pycnotic or else showed 
signs of activity (hypertrophy, e.xhaustion of 
colloid). In all instances surviving thyroid 
tissue was in the isthmus or the cranial apex 
of the gland where, presumably, self-radiation 
would have been minimal. 

On the third day after injection thyroid 
destruction varied from minimal with lower 
dosages to complete with the 50 me per kg 
dose. Parathyroid involvement paralleled 
these changes. Furthermore, dosages above 
20 me per kg produced pycnosis of nuclei of 
neurilemma and sheath cells in the recurrent 
laryngeal nerve, in those sections most in- 
timateh- associated with the thyroid. 

After a 24 day e.xposure to P'’’^ radiation 
even the low dose (3-5 me per kg) produced 
e.xtensiv'e destruction, and a medium dose 
(18-22 me per kg) produced complete thy- 
roidal destruction. .‘Vt this time fibrosis had 
replaced the amorphous mixtures of ciiithc- 
lia! debris and leucocy'tes with a somewhat 
edematous type of fibrous tissue. No normal 
parathy'roid tissue remained. 

.‘Vt the 120 day interval the thyroid con- 
sisted of a shrunken fibrous band, the edema 
and leucocytic reaction having disappeared. 
In animals having received the low do.se of 
P ” most glandular tissue had disappeared but 
a few surviving small follicles were imbedded 
ill the fibrous tissue, and seemed to be secre- 
ting actively, and possibly serving ns a rescr- 
vt'ir for regeneration. 
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TABLE I, 
Summary of Besults. 


Exposure 
to 1131, 
days 

No. of mice 

Dose, 
millicuries 
per kg 

Approx. 9c 
thyroid 
destruction 

Approx. % 
parathyroid 
destruction 

O 

O 

20-23 

0 

0 

2 

i 

53 

90 

75 

3 

6 

3-5 

10 

0 

3 

4 

17-18 

75 

25 

3 

4 

30-35 

80-90 

75 

3 

3 

50-55 

100 

95 


S 

3-5 

25-50 

10 

24 

4 

lS-22 

100 

50 

120 

4 

3-4 

90 

100 


Summary. Dosages of 1^“^ from 3 to 50 
millicuries per kilogram were given to young 
mice on a normal diet. Higher dosages pro- 
duced complete thiToidal destruction within 
a few days. Lower dosages permitted sur- 
vival of some thyroidal epithelium, in the 


isthmus and cranial apex of the thyroid for as 
long as 120 days after injection, but resulted 
in loss of the parathyroids. Lesions were 
noted in the tracheal epithelium with all dos- 
ages. and in the recurrent laryngeal nen'e 
with higher dosages. 
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Thiouracil and Conversion of Carotene to Vitamin A Measured by Liver 

Storage in the Rat.’‘ 

CATHERINE E. Wiese, Harry J. Deuel, Jr., and John W. Mehl. 

From the Department of Diochemistrp and Ntitrifioii, Umversiti/ of Sonthern California School 

of Jlcdicine, Los Angeles. 


In a recent report, Canadell and Valde- 
casas’ fed rats, which previously were on a 
vitamin .^-free diet with thiouracil admin- 
istered in the drinking water, 60 y of carotene 
per week. The administered carotene was 
unable to relieve the ocular symptoms pro- 
duced by a vitamin deficiency. However, 
these symptoms were alleviated if small 
amounts of thyroid powder were administered 
with the carotene or vitamin .A was fed to the 
ihiouracil-treated animals. Their interpreta- 
tion of this phenomenon was that it involved 
an inhibition of carotenase. 

• Aided by a grant from the Nutrition Founda- 
tion. 

1 Canndell, ,T. M., and Voldccasas, F. G., Lxperi- 
■cnlio. I?t7, J5, 37). 


If this is true, then the feeding of carotene 
to vitamin A deficient-animals previously 
treated with thiouracil should produce little 
or no vitamin .A in the liver. Therefore, this 
experiment was attempted, and a preliminary' 
report of the results obtained is presented. 

Twenty-six rats were placed on a vitamin 
.A-low diet when they were 10 days old. 
When they reached a body weight of 43 g, 
lhe\ n ere divided into 2 groups. One group 
was continued on the same diet for 4 weeks 
while the second group received a similar diet 
to which 0.25f'c of thiouracil had been added. 
All rats were continued for an additional 2 
weeks on identical diets except that they were 
made vitamin .A-frec by replacing the com- 
mercial ca.=ein with vitamin .A-free test casein 
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TABLE I. 

Body Weight and Vitamin A Content of Young Eats Eeceiving a Vitamin A-frce Diet With or 
^Without Thionracii at Periods of 36 Honrs to 7 Days After Feeding 348 y of ^-carotene. 



Bats administered diet con- 
taining 0.25% thionraeil 

Control rats receiring no - 
thiouracil 

Carotene 

fed, 

Vit.A 
content per 

No. of Bodywt, liver,* 

rats g I.U. 

No. of 
rats 

Vit.A 
content per 
Bodv 'wt, liver,* 

g I-H. 


0 6 83 (4.5) f 6 156 (6.7) f 

348 8 86.5 56.7 i; 24.4 C 143 56.2 ± 10.1 

(11.4-232) t '(17,9-91.5)) 


* Includes standard error of the mean calculated as follows: 


VSdVn / Vn 

■where "d” represents the deviation from the mean and “n” is the number of observations, 
t Not considered as vitamin A since no fading blue color developed. 

I Eange of results. 


(General Biochemicals, Inc.). Some of the 
animals in each group received a single oral 
dose of a solution of ^-carotene in cottonseed 
oil containing 348 y while the remaining rats, 
which served as controls, received cottonseed 
oil. The animals were sacrificed at 36 hours, 
5 days or 7 days. Since the vitamin A levels 
in the different groups did not show any signi- 
ficant trend with time, the results obtained 
with animals sacrificed at 36 hours, 5 or 7 
days have been averaged together. Vitamin 
A was extracted from the livers by the pro- 
cedure employed by Alattson, Deuel and 
Mehl." The determination of vitamin A was 
by the Carr-Price method using a Coleman 
Junior spectrophotometer. The results are 
summarized in Table I. 

It would appear from these experiments 
that a thiouracil-treated rat can convert caro- 
tene to vitamin A and store this product in 

s Mattsou, E. H., Mehl, J. W„ and Deuel, H, J,, 
Jr., Ardi. SiocJwm., 1947, 15, 05. 


the liver when fed 348 y of carotene. How- 
ever no results on the animals’ ability to uti- 
lize this stored vitamin A are presented. Drill 
and Truant^ in a recent paper, using thyToid- 
ectomized animals, could not prevent or al- 
leviate ocular symptoms by injecting 10 -/ of 
carotene per day. However, Remington et 
ol.* found that an oral dose of 0.6 y of caro- 
tene per day was able to bring about a cure 
of the eye symptoms of thyroidectomized rats 
within 7-9 days. No difference between the 
effectiveness of vitamin A and carotene was 
noted in these e.xperiments. 

Experiments are now under way to demon- 
strate the lowest level of carotene and vitamin 
-A which must be fed to a thiouracil-treated 
animal to alleviate the eye symptoms from 
vitamin A deficiency. 

3 Drill, Y. A., and Truant, A. P., Enclocrinolom 
1947, 40, 259. 

^Bemington, E. E., Harris, P. L., and Smith, 
C. L., J. Evirition, 1942, S4, 597. 
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Antipyridoxine Activity of Methoxypyridoxine in the Chick. 

Walther H. Ott. (Introduced b}' H. Jlolitor.) 

From the Mere!; Institute for Therapeutic Fesearch, Fahwap, F.J. 


Desox ypyridoxine (2j4-dimethyl 
-3-hydroxy-5-hydroxymethylpyridine), an an- 
alogue of pyridoxine, has been shown to be a 
strong inhibitor of pyridoxine in chicks^ and 
to exhibit a similar but less potent effect in 
rats.- Further studies on additional ana- 
logues of this vitamin have led to the dis- 
covery that 2-methyl-3-hydroxy-4-methoxy- 
methyl-5-hydroxymethylpyridine (methoxj'- 
pyridoxine) also has pronounced antipyri- 
doxine activity in chicks. In rats, however, 
this metho.xypyridoxine has some vitamin ac- 
tivity,^ presumably due to the ability of this 
species to convert part of the compound to 
pyridoxine.'* 

The procedure employed in studies on the 
effect of methoxypyridoxine in chicks was 
similar to that described previously.* To be- 
gin an assay, eight-day-old chicks weighing 
approximately 60 g after maintenance for 5 
days on a purified diet (Table I) deficient 
in pyridoxine were distributed into groups 
balanced in regard to body weight. The 
chicks were dosed orally with the test sub- 
stances on the first, third, fifth and seventh 
daj's of the assay period. Body weights were 
recorded on these days as well as on the ninth 
(last) day of the test. The pyridoxine-de- 
ficient diet was fed to all groups during the 
assay' period. 

The curve of response (weight gain w. log 
dose) was established for each assay by using 
3 or more of the groups of chicks on dosages 
in the range from 5 to 50 micrograms pyri- 

1 Ott, yv. II., Pnoc. Soc. Exr. Biol. .\kd Med.. 
lOtfi, «l, 125. 

- Emerson. G. A., uiipubtislicd d.nta. 

.1 Unim, K., Pnoc. Soc. Exr. Biol, axd Med., 
into, -13, 122. 

Porter, C. C.. CTark, I., and Sill>er. B. H.. 
J. Hiol. Chem.. lot", 107, 573. 

Ucgsfed, D. M., Mills, B. C., Elvclijcni, C. A., 
and Hart, E. B., J. Fioh Chem., IPtl, 138. t50. 


TABLE I. 


Pyridoxine-defieient Diet for Chicks. 


g 

Dextrose (cerelose) 

51.5 

Casein (vitamin free) 

25.0 

Salts IV3 

5.0 

Cellulose (ruffex) 

5.0 

Calcium gluconate 

2.5 

Glvcine 

2.0 

Liver extract L* 

2.0 

KHoP 04 

1.0 

Wheat Germ Oil 

4.5 

400 D fish liver oil 

0.5 

Arginine 

0.5 

Cvstlne 

0.2 

Choline 

0.2 

Inositol 

0.1 

p-Aminohenzoic acid 

0.03 

Xiacin 

0.01 

Calcium pantothenate 

0.004 

Biboflavin 

0.002 

Thiamine 

0.002 

Menadione 

0.0004 

Biotin 

0.00004 

Total 

100.05 


“■ yPilson & Co., Inc., Chicago, HI. 


doxine per dose. The growth response of each 
group receiving a combination (premixed 
solution) of metho.xypyridoxine and pyri- 
doxine was compared with the curve of re- 
sponse for pyridoxine to determine the net 
pyridoxine activity of the combination. The 
inhibition ratio between analogue and vitamin 
was then calculated from the amount of 
metho.xypyridoxine administered and the ap- 
parent loss in pyridoxine activity. 

single dose of 200 pg of metho.xypyri- 
doxine killed all the chicks in the group within 
4S hours after administration (Table II). 
Even quantities as low as 15 pg per chick 
were fatal in the absence of pyridoxine. This 
toxic effect was prevented by simultaneous 
administration of an equal amount of pyri- 
doxine. thus indicating that methoxyp'vri- 
doxine had antipyridoxine activity. The bio- 
assays (Table II) showed that anproximately 
4 parts by weight of methox-ypyridoxine hy- 
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TABLE II. 

Ajitipyridoxine Activity of iletiiosj-pyridosine in 8-dny Cuiative Assays vrith Chicks UeceivinR a Pvri- 
-doxine-defieieiit Diet. 


Exp. 

Oral Supplement* 

Survival of 

cliicKS, 

alive/fotal 

IV t gain 
per cliick, 
g 

Loss in 
pyrido.xinc 
activitj-. 

Mg 

Patio of 
inliibition, 
analogue : vitamin 

Pyridoxine 

liydrocliloride, 

Mg 

Metlioxypyridoxine 

Iij-drocUloride, 

Mg 

1 

0 

200 

■ 0/6 

t- 




0 

0 

4/7 

11.4 




20 

0 

7/7 

50.9 



2 

0 

15 

0/7 

t 




0 

0 

4/7 

10.0 




7.5 

0 

2/7 

34.7 




15 

0 

7/7 

38.8 




oO 

0 

7/7 

46.7 




15 

15 

7/7 

43.3 

0 




15 

30 

5/7 

:i3.5 

8 

4:1 


10 

45 

5/7 

28.1 

11 

4:1 

3 

20 

40 

1/7 



20 

2:1 


20 

00 

5/7 

20.8 

16 

4:1 


20 

80 

5/7 

22.9 

15 

5:1 


0 

0 

6/7 

14.5 




0 

0 

14/14 

24.9 




10 

0 

13/14 

31.0 




20 

0 

6/7 

37.1 




40 

0 

7/7 

56.2 



4 

60 

60 

7/7 

36.6 

24 

2.5:1 


CO 

120 

3/7 

26.0 

42 

3:1 


60 

240 

6/7 

17.5 

50 

5:1 


60 

300 

3/7 

8.7 

OO 

0.5:1 


0 

0 

3/7 

4.0 




10 

0 

14/14 

17.7 




40 

0 

14/14 

38.6 




* Amount given per chick on each of 4 successive alternate days, 
t All dead after 1st dose. 

t 2 dead after 1st dose, 3 dead after 2nd dose, 2 dead after 3rd dose. 


drochloride counteracted the biological ac- 
tivity of one part by weight of pyridoxine 
hydrochloride. In the chick, therefore, meth- 
oxypyridoxine is approximately as powerful 
an inhibitor of pyridoxine as is desoxyp 3 'ri- 
doxine.^ 

The inhibition ratio of 2:1 reported for 
deso.xypyridoxine^ is not significantly dif- 
ferent from the inhibition ratio of 4:1 esti- 
mated above for the metho.xy analogue of 
pyridoxine. Nevertheless, there seems to be 
a difference in the antivitamin action of the 
two analogues. Although both compounds 
appear to compete with pyridoxine, it has 
been observ'ed on the basis of limited tests 
that the effects of lethal doses of desoxypyn- 
doxine were relatively easily counteracted by 
administration of pyridoxine even after a con- 


siderable length of time. On the other hand, 
when a lethal dose of methoxypyridoxine had 
been given, subsequent administration of 
pj'ridoxine was generally ineffective in pre- 
venting the death of the chicks. These and 
other observations on comparative antipyri- 
do.xine activity in the chick are being investi- 
gated further. 

Summary. 2-Methyl-3-hydroxy-4-metho.xy- 
methj'l-5-hj'dro.xymethylpyridine (methoxj’- 
pj'ridoxine) has been shown to have the 
same order of antipj'rido.xine activity as de- 
so.xypj'ridoxine in chicks. In these e.vperi- 
ments, appro.ximatelj^ four moles of methoxj'- 
pvTidoxine counteracted the vitamin activity 
of one mole of pj'ridoxine when suboptimal 
or optimal amounts of the vitamin were given 
to pj'ridoxine-deficient chicks. 


Estimation of Alterations of Serum Gamma Globulin by a Turbidimetric 

Technique. 


Henry G. Kunkel. (Introduced by D. D. Van Slyke.) 

From the EospUal of The SochcfcUer Institute for Ecflicat Scscarch, Xcw Tori: City. 


Increased attention has been devoted in 
recent years to the elevation of serum globu- 
lin encountered in patients with diseases of 
the liver. The wide use of the cephalin floc- 
culation and the thymol turbidity reactions 
for the diagnosis of liver disease has been 
partially responsible for this renewed interest. 
These reactions have been shown to depend 
mainly on small changes in the globulin frac- 
tion of the serum.'-- However, other factors 
are involved and the exact aberration of the 
serum that is measured has not been com- 
pletely identified. In the case of the thymol 
turbidity test, for e.xample, the concentration 
of the serum lipids has a definite effect on the 
intensity of the reaction.- It would seem im- 
portant, therefore, to determine specifically 
and directly slight elevations of globulin that 
occur in acute liver disease. 

The usual methods of globulin estimation 
which depend on nitrogen determinations fol- 
lowing salting out procedures are subject to 
considerable error. The technique is time 
consuming and minor changes in the globulin 
level may not be apparent. Changes in the 
amount of serum globulin can best be de- 
tected at the present time by means of 
electrophoretic patterns. Such a technique, 
however, is not practical for routine applica- 
tion. 

Dilution of serum with solutions of low 
ionic strength decreases the solubility of the 
protein- and under certain conditions the 
more insoluble globulins will precipitate. This 
technique is utilized in the thymol turbidity 
test” and in the buffer dilution test of Wolff."’ 

1 Moore, P. B., ricr.'on, P, .S,, Hanger, F, M., 
ami Moore. I). H.. J. Ctin. Invest., lP4o, 2-1, 2P2. 

e Kutikel, H. G.. and Hongland, C. Ij., ,T. Clin. 

hn-/st.. imr, 20 . 1000 . 

-a Mncl-agan. X. P., Jlrif. J. Cxp. Tath., 1P44. 
2.1, t;.'i4. 


Both of these reactions are positive in acute 
liver disease and appear to depend partly 
on increases in the gamma globulin fraction 
of the serum. In certain conditions, such as 
cirrhosis of the liver, large increases in gamma 
globulin may be present in the serum in the 
absence of increased values for these two 
tests. The intensity of these reactions, there- 
fore, is not always proportional to the in- 
crease in amount of gamma globulin in the 
serum. 

The present paper describes a turbidi- 
metric technique which provides an inde.x 
of the degree of elevation of the gamma glob- 
ulin fraction of the serum of patients ir- 
respective of their disease. Dilution of serum 
with solutions of the salts of heavy metals 
was found to precipitate various protein frac- 
tions according to the concentration of metal 
used. Fig. 1 illustrates the curve of protein 
precipitation from normal serum at various 
concentrations of CuS 04 . Electrophoretic anal- 
yses showed that at the lower concentrations 
the precipitate consisted almost entirely of 
gamma globulin. By means of this curve it 
was possible to estimate a concentration of 
CuSO^ that caused minimal precipitation of 
protein from normal serum. When hepatitis 
serum showing slight elevation of the gamma 
globulin fraction was diluted with CuSO^ 
solution of this concentration, precipitation 
occurred, and the amount of precipitate was 
proportional to the increase in gamma globu- 
lin. The precipitated globulin could be ac- 
curately determined by turbidity measure- 
ments because the protein precipitated as a 
diffuse finely particulate suspension. 

Zn, Hg. Pb. Cd. and Ur salts were found 
to produce an effect similar to that of CuSO^. 

■* Wolff, E. K., Tr. Hoy. Soc. Trap. Ecd. and 
Ilya., 103P, 32, 707. 
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Curves illustrating the effects of various con- 
centrations on tie precipitation of protein 
from serum closely resembled the curve for 
CUSO4 in Fig. I. When buffered solutions 
were used, ZnSO^ was found to have certain 
advantages over CUSO4. 

The effect of the solutions of heavy metals 
in precipitating serum proteins was altered 
by small changes in pH and ionic strength. 
The results in Table I illustrate the compara- 
tive effect of the CuSOj solution usually used 
as reagent on normal and hepatitis serum 
under various conditions. The best differentia- 
tion between the two types of serum occurred 
at pH 6. 5-7. 5 in the presence of as low an 
ionic strength as it was practical to use. 

Various concentrations of CUSO4 reagent 
could be used for estimating changes in the 
globulin fraction. The concentration of 23 
mg of CuS 04’5H20 per liter which causes 
minimal precipitation with normal serum was 
found to be the most useful. A zinc sulfate 
solution containing 24 mg of ZnSO^'THnO 
per liter gives similar results, and has the 
advantage that it can be permanently buf- 
fered with barbiturate, whereas copper sul- 
fate solution with barbiturate forms a pre- 
cipitate. For routine use the solution eventual- 
ly employed contained, per liter, 24 mg of 
ZnS04‘7H20, 280 mg of barbituric acid, and 
210 mg of sodium barbiturate; the pH was 

7.5. , - 

Procedure. Measure one volume of serum 

(0.05 ml) into 60 volumes of either the CUSO4 


or the buffered ZnS04 reagent (3 ml). Allow 
to stand for 30 minutes^ shake, and then read 
the turbidity in the spectrophotometer at 
650 m/z. 

The turbidity produced was translated into 
units by applying a standard cun'e similar to 
the one used for the thymol turbidity test.®* 
All values reported in this paper were deter- 
mined -by means of a Coleman Jr. spectro- 
photometer at 650 m/i. A colorimeter can 
also be used. In the absence of these in- 
struments, a rapid estimate of the globulin 
elevation can be made by direct visual ob- 
servation of the turbidity produced. The time 
necessary for flocculation to occur was a 
simple inde.v of the globulin elevation. Some 
of the sera showing very high globulin levels 
demonstrated flocculation in a few minutes. 
The buffered ZnSOz reagent produced floc- 
culation somewhat more rapidly than did 

s Shank, E. E,, and Hoaghand, C. L., Eiot. 
Cficm., 1946, 102, 133. 

* 3 cc of .1 BaCln solution (containing 1.15 g 
BaCln -SHoO per 100 cc) is made to 100 cc in a 
volumetric flask ndtli O.SjV HjSOj. This BaS04 
suspension gives a turbiditp equivalent to 20 units. 
Bv .assigning tlic vaiue 20 units to the optical 
density reading obtained in a colorimeter or a 
spectrophotometer at 050 p. with the BaSO^ suspen- 
sion, a standard curve can be constructed by draw- 
ing a fine through the point obtained in the above 
manner and the 0 point on ordinary graph pajicr. 
The type of curette is not important as long as 
the same type is used for constructing the standard 
curve as for routine readings. 
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TABLE I- 

Twbidity Produced bv Adding 3 cc of a 2.3 mg ^ Salntion of CnSO^ to 0.05 cc of Serum Ender Difieieat 
Conditions of pH and Ionic Strength. Turbidities Are Expressed in Units Described in Test. 


pH 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

G.5 

7.0 

7.2 

7.5 

s.o 

s.o 


Ionic 

strength 

Tarbidity 

Normal serum 

0 

0 

0 

0 

4 

13 

19 

14 

9 

6 

n 

0 

0 

1 

.01 

Hepatitis serum 

0 

0 

0 

4 

G 

19 

ol 

31 

31 

24 

19 

0 

0 

i 


Normal serum 

0 

0 

o 

0 

0 

0 


0 

0 

0 

0 

0 

0 

1 

0.1 

Hepatitis serum 

0 

6 

0 

0 

0 

4 

9 

G 

5 

3 

0 

0 

0 

1 



the CuSOr reagent. Xormal serum did not ponent correlated tvell with the intensity of 
flocculate for at least 12 hours with the the reaction. Fig. 3 illustrates the close rela- 
ZnS 04 reagent while serum from patients tionship between the turbidity as measured 
with ver>' slight elevation of the gamma globu- by dilution of serum with the zinc reagent 
lin fraction usually flocculated within 4 hours, and the gamma globulin concentration as 
The protein precipitated in the reaction dis- calculated from electrophoretic patterns of 
solved readily on dialysis against sodium c\-- various pathological sera showing approxi- 
anide and the latter could be removed by mately normal albumin levels, 
further dialysis against barbital buffer at Certain sera with elevated lipid levels 

pH 7.8. Electrophoretic analysis of the pro- showed a marked increase in the beta globu- 
tein treated in this manner revealed that the Hn fraction. This increase was not reflected 
chief component precipitating in the reaction in the copper turbidity reaction. It is well 
was a gamma globulin plus small amounts of known that such beta globulin peaks will 
other fractions (Fig. 2). This was true of the often disappear almost completely by e.vtrac- 
precipitate from 4 different sera that were tion of the lipids from the serum® and do not 
studied. It appeared as if small amounts of represent a true picture of the protein mi- 
other protein fractions, which normally would grating in this fraction, 
not precipitate at such a concentration of Addition of albumin to a positivelv reacting 
metallic salt, were earned down with the ^erum decreases the amount of globulin pre- 
gamma globulin of these abnormal sera, ^ demonstrates the m zv'fro 

Numerous obseu^ations of electrophoretic pat- in the turbiditv produced with the 

terns were earned out on whole sera trom 

patients showing dinerent values tor the cop- 

per and zinc turbidity reactions. In every c Longsirortb, L. G., and Maelnnes, D. A., 

case the increase in the gamma globulin com- J. Erp. aird., 1940 . ti. 77 , 




Asccnainjr and dc?ccndini: clcctToplioreijc patterns ct 
turbidity reaction. Tiie major neak has the mobility oj 


the protein precipitated in the cooper 
gamma globulin. 
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I'M. 3. 

The correlation between the turbidity as measured in the zinc turbidity reaction and the 
gamma globulin concentration as calculated from electrophoretic patterns of various pathological 
sera. S = liver disease; 0 = other conditions. 


ing amounts of human serum albumin. The 
intravenous administration of large amounts 
of concentrated human albumin to patients 
with liver disease demonstrated that a slight 
fall in the intensitj^ of the reaction occurred 
and that it was similar to the fall expected 
from the hi vitro e.vperiments. The fact that 
an albumin deficit without hjperglobulinemia 
will not cause the copper turbidity reaction 
to become positive is clear, however, from 
observations on patients with nephrosis. The 
copper turbidity reaction was found normal 
despite the albumin deficit found in this 
disease. 

Approximately 1000 determinations with 
the copper and zinc turbidity reactions have 
now been carried out on various sera. The 
normal range was found to lie betneen 2 and 


S units. Certain sera with globulin levels 
above 6 g % have shown values as high as 
80 units. In these sera more than half of the 
protein was precipitated. Fig. 5 illustrates the 
close relationship between the turbidity in 
units and the globulin level of the serum. The 
reaction is not specific for liver disease but 
depends on the degree of elevation of gamma 
globulin. Serum from patients with multiple 
myeloma, for e.vample, showed turbidity in 
proportion to the increase in gamma globulin. 
Forty-one patients with cirrhosis of the liver 
were tested and all were found to demonstrate 
a positive reaction. The test was of particular 
value when applied serially throughout the 
course of an acute illness. Fig. 6 shows the 
marhedly delayed elevation in gamma globu- 
lin as determined b}" the zinc turbidity test 
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Fjc. 4. 

Tlie effect of adding increasing amounts of concentrated liuman albumin to hepatitis serum 
on the intensity of the copper turbidity reaction. 


during the course of a recurrence of acute 
infectious hepatitis. Similar changes with a 
delayed rise and prolonged elevation of the 
gamma globulin level have also been observed 
following an uncomplicated attack of acute 
infectious hepatitis. 

Discussion. The Takata-.‘\ra reaction and 
its many modifications, which have long been 
utilized for the diagnosis of liver disease, de- 
pend on the precipitation of protein from 
serum with a high globulin level. The mech- 
anism of these reactions has always been 
obscure, but one of the substances added to 
serum in performing the tests is the metallic 
salt, HgCle. The study of the effect of various 
concentrations of heaNW metals on the pre- 
cipitation of protein from serum has furnished 
an understanding of this reaction. Cur%-es 
similar to the ones illustrated in Fig. 1 for 


CuS04 may be constructed for various mer- 
cur\' salts and concentrations which will pre- 
cipitate globulins from abnormal sera may be 
obtained. The Takata-.Ara reaction does not 
employ the dilution technique and is only 
positive when marked elevation of the glob- 
ulin level occurs. 

The concentrations of zinc and copper 
sulfates used in the reagents described above 
were useful for detecting elevations in gamma 
globulin in liver disease. However, other con- 
centrations may also be used for different 
purposes. For e.xample, a slightly higher con- 
centration will precipitate globulin from serum 
with a normal or an abnormally low globulin 
level. The procedure of determining protein 
aberrations by the turbidity developed in 
dilute, metallic salt solutions is so simple in 
use and consistent in results that it may find 
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ing amounts of human serum aJbumin. The 
intravenous administration of large amounts 
of concentrated human albumin to patients 
with liver disease demonstrated that a slight 
fall in the intensity of the reaction occurred 
and that it was similar to the fall expected 
from the in vitro experiments. The fact that 
an albumin deficit without h)perglobulinemia 
will not cause the copper turbidity reaction 
to become positive is clear, however, from 
observations on patients with nephrosis. The 
copper turbidity reaction was found normal 
despite the albumin deficit found in this 
disease. 

Approximately 1000 determinations with 
the copper and zinc turbidity reactions ha%e 
now been carried out on various sera. The 
normal range was found to lie between 2 and 


S units. Certain sera with globulin levels 
above 6 g % have shown values as high as 
80 units. In these sera more than half of the 
protein was precipitated. Fig. 5 illustrates the 
close relationship between the turbidity in 
units and the globulin level of the serum. The 
reaction is not specific for liver disease but 
depends on the degree of elevation of gamma 
globulin. Serum from patients with multiple 
myeloma, for example, showed turbidity in 
proportion to the increase in gamma globulin. 
Forty-one patients with cirrhosis of the liver 
were tested and all were found to demonstrate 
a positive reaction. The test was of particular 
value when applied serially throughout the 
course of an acute illness. Fig. 6 shows the 
markedly delayed elevation in gamma globu- 
lin as determined by the zinc turbidity test 




Turbidimetric Technique for Gasima Globulin 


221 



I’m. 4. 

The effect of adding increasing amounts of concentrated human aJhomin to hepatitis seivtm 
on the intensity of the copper turbidity reaction. 


during the course of a recurrence of acute 
infectious hepatitis. Similar changes with a 
delayed rise and prolonged elevation of the 
gamma globulin level have also been observed 
following an uncomplicated attack of acute 
infectious hepatitis. 

Discussion. The Takata-.^ra reaction and 
its many modifications, which have long been 
utilized for the diagnosis of liver disease, de- 
pend on the precipitation of protein from 
serum with a high globulin level. The mech- 
anism of these reactions has always been 
obscure, but one of the substances added to 
serum in performing the tests is the metallic 
salt, HgCln. The study of the effect of various 
concentrations of hea\y metals on the pre- 
cipitation of protein from serum has furnished 
an understanding of this reaction. Curves 
similar to the ones illustrated in Fig. 1 for 


CUSO4 may be constructed for various mer- 
cury salts and concentrations which will pre- 
cipitate globulins from abnormal sera may be 
obtained. The Takata-Ara reaction does not 
employ the dilution technique and is only 
positive when marked elevation of the glob- 
ulin level occurs. 

The concentrations of zinc and copper 
sulfates used in the reagents described above 
were useful for detecting elevations in gamma 
globulin in liver disease. However, other con- 
centrations maj' also be used for different 
purposes. For e.vample, a slightly higher con- 
centration will precipitate globulin from serum 
with a normal or an abnormally low globulin 
level. The procedure of determining protein 
aberrations by the turbidity developed in 
dilute, metallic salt solutions is so simple in 
use and consistent in results that it may find 
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Pig. 5. 

Tlie correlation between tbe turbidity as measured in the zinc turbidity tost and 
the total globulin level as determined by the Howe fractionation in various patho- 
logical sera. 


application for a wide variety of purposes. 

Measurable increases in the total globulin 
of serum in liver disease and in other condi- 
tions are almost always due to elevation of 
the gamma globulin fraction.-'' The beta 
globulins may show significant changes electro- 
phoretically but these depend mainly on the 
lipid level of the serum and do not represent 
true protein alterations. As a result, any 
technique which measures increases in gamma 
globulin in pathological sera is really a meas- 
ure of the elevation in total globulin. 

Significant curves of the globulin changes 
during the course of acute infectious hepatitis 

T Gray, S. J., and Guzman Barron, E. S., J. Clin. 
Invest., 1943, 22, 191. 


were not obtained until the copper and zinc 
turbidity techniques were adopted. The de- 
layed rise and prolonged elevation during the 
course of this disease is of considerable inter- 
est. It suggests the possibility that the globu- 
lin elevation may reflect the production of 
antibodies rather than a disturbance in liver 
function. The albumin level of the serum was 
often unaltered during the period of hyper- 
globulinemia. Serial determinations of the 
thymol turbidity test closely paralleled those 
of the globulins during the convalescent phase 
of infectious hepatitis, but marked differ- 
ences Were readily apparent in cases of cir- 
rhosis of the liver. In this condition the thymol 
turbidity reaction was of considerablj' less 
value and showed little relation to the globu- 
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PlO. 6. 

The delayed rise and prolonged elevation of the gamma globulin level in the serum following 
a recurrence of infectious hepatitis as determined by the zinc turbidity test. The curve for 
bromsulfalein retention is added for purposes of comparison. 


lin aberration.® 

In chronic infectious hepatitis alterations 
in the globulin components of the serum may 
be the only indication of persisting liver 
disease. In previous studies®'® it was demon- 
strated that the thymol turbidity test was 
positive more often than any other single 
liver function test that could be applied to 
patients with persistent vague complaints 
more than 6 months after an attack of acute 
infectious hepatitis. Electrophoretic patterns 
showed that values for the thymol test paral- 
lelled the changes in the gamma globulin 
fraction closely in these patients. All patients 
with abnormalities in the thymol test also 
showed abnormalities in the copper and zinc 
turbidity reactions. In addition, the latter 
frequently remained positive after the thymol 
test had become negative. The zinc turbidity 
test, althou^ not specific for liver disease, 
was found to be the most sensitive method of 

SKunlccl, H. G., and Hoagland, C. h., Am. A. 
ilcd., in press. 

0 Kuntcel, H. G., and Hoagland, C. L., Phoc. Soc. 
Ext. Biol, and Med., 1940, 02, S5S. 


detecting a lingering hepatitis. Five patients 
have been observed who developed cirrhosis 
of the liver following infectious hepatitis. A 
characteristic feature of this group w'as marked 
elevation of the gamma globulin fraction of 
the serum electrophoretically. In two of 
these patients the gamma globulin reached 
values above 6 g fo. These aberrations were 
easily detected by the addition of the metal 
reagents to serum. The use of this test pro- 
vided a rapid method of screening patients 
with persistent symptoms following infectious 
hepatitis in searching for the more severe 
complications of the disease. 

The main advantage in the use of h test 
of this type instead of the cephalin floccula- 
tion or the thymol turbidity reaction is that a 
single known alteration in the serum is meas- 
ured, This alteration is an elevation in the 
gamma globulin fraction. The other reactions 
depend partly on this alteration but also on 
other factors less well understood, such as the 
lipid level of the serum. 

Another application of the zinc turbidity 
test has been in the study of the gamma globu- 
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lin changes associated with the development 
of antibodies following scarlet fever in pa- 
tients with normal convalescence and patients 
developing rheumatic fever. Increased turbid- 
ity was found to closely parallel the rise in 
antistreptolysin and antistreptokinase titers. 
These results will be reported in a separate 
communication. 

Summary. 1. When serum with abnormal^ 
high gamma globulin concentration is diluted 
with a solution containing a certain small 
amount of copper or zinc sulfate, a turbid 
precipitate forms and the optical density of 
the suspension is proportional to the concen- 
tration of gamma globulin. 


2. Such an estimation of increase in gamma 
globulin really measures the total globulin 
elevation in pathological sera because hj-per- 
globulinemia is almost always due to an altera- 
tion in the gamma globulin fraction of the 
serum. 

3. The test has proved useful for deter- 
mining alterations in gamma globulin during 
the course of an acute illness such as infectious 
hepatitis. 

4. It was found to be of particular value in 
detecting persistent liver disease following in- 
fectious hepatitis. In a group of 41 patients 
noth cirrhosis of the liver the reaction was 
positive in every case. 
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Black Pigmentation in Feathers o£ Buff Orpington Chicks Caused by 

Vitamin D Deficiency.* 

Annabelle Decker and James McGinnis. (Introduced by A. R. Kemmerer.) 
From the Department of Poultry SvsVandry, State College of Washington, Pullman, Wash. 


Abnormal amounts of black pigment in 
feathers of Neiv Hampshire chicks fed vita- 
min D deficient diets were observed by Glaz- 
ener, Mattingly, and Briggs.^ Domm- re- 
ported that feeding desiccated thyroid caused 
abnormal black coloring in Brown Leghorn 
males, females, and capons. Juhn and Barnes,® 
working with capons of the same breed, pro- 
duced similar results. Both the New Hamp- 
shires and the Browm Leghorns normallj" 
have some black pigment in the feathers. Buff 
Orpingtons, on the other hand, do not nor- 
mally have black pigment in the feathers. It 
was of interest, therefore, to determine wheth- 
er a deficiency of vitamin D would cause the 


* Publislicd as Scientific P-nper No. 726, CcJlcgc 
of Agriculture and Agricultural Experiment Sta- 
tions, Institute of Agricultnral Sciences, State 
College of Wasliington, PuUman, 'W.asli. 

1 Glazener, E. W., Mattingl.n J. P., and Briggs, 
G. M., Poultry Sci., 1940, 25, So. 

2 Domm, L. V., Anat. Pec., 1929, 44, 227. 

3 Julin, M., and Barnes, B. O., Am. ,T. Physiol., 
1931, 08, 403. 


black-pigmented feathers in this breed. 

Experimental Methods. The percentage 
composition of the vitamin D deficient basal 
diet fed in this e.\periment is as follows: 
ground 3'ellotv corn 30.0, ground wheat 25.5, 
ground barle}'- 10.0, dehydrated alfalfa 5.0, 
B-Y riboflavin concentrate (250 /tg riboflavin- 
/g) 0.5, ground limestone 2.0, dicalcium phos- 
phate 1.5, so}''bean oil meal (expeller) 20.5, 
fish meal 4.0, salt (iodized) 0.5, and soj'bean 
oil 0.5. Manganese was added at a level of 
75 p.p.m. 

Chicks were e.vamined and weighed at 
weekly intervals. At 6 weeks the feather color 
of each chick was given a numerical score, 
ranging from 0 to S depending upon the in- 
tensitt’’ of black pigment in the back feathers. 
A score of 0 indicated no black pigment where- 
as a score of 5 indicated very markedly 
blackened feathers. Since some of the chicks 
were e.xtremeJj' slow feathering, it was not 
possible to score all of them. 

At the end of the 6-week period, a few 
chicks from each vitamin D defichnl diet 
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TABLE I. 


Effect of Yitamin D PeficiencT on Fe.ltlier Pigmentation in Buff Orpington CliicRs. 


Supplement to 
basal diet 

Avg wt at. 6 wk 
g 

/ 

No. of cUieks 
scored 

Feather color 

% showing black 

Color score 

None 

312 304* 

12 

100 

lOO’^ 

3.1 

2.9* 


296 

13 

100 


2.6 


Vit. Dt 

482 470 

13 

0 

0 

0 

0 


458 

11 

0 


0 


Iodinated caseinf 

318 309 

11 

100 

100 

2.0 

2.7 


295 

12 

100 


3.3 


Iodinated casein -j- vit. D 

422 471 

11 

0 

0 

0 

0 


520 

9 

0 


0 



• Average of duplicate groups, 
t 100 A.O.A.C. units/100 g diet. 
1 15.0 g/100 Ib diet. 


were placed on a ration containing adequate 
vitamin D, and were observed from day to 
day for several weeks. 



Fia. 1. 

Black luindcd featliers of Buff Orpington cliicks 
ted vitamin D-dcficient diets. (A) Normal fcatlicrs 
taken from bird.s receiving adequate amounts of 
vitamin D. (B) Abnormal feathers from birds 
receiving vitamin D-dcficient diets. Note banding 
effect caused by growtli of new feathers of normal 
color after vitamin D supplementation. 


Results. The results are presented in Table 
I and Fig. 1.. .At 4 weeks, of age most of the 
chicks fed on the vitamin D deficient diets 
showed varying amounts of gray to black 
color. .At 6 weeks of age intense black was 
noticeable in the feathers of the humeral tract 
of the vitamin D deficient birds. The under- 
color of the back, breast, and leg feathers as 
well as color at the base of the flight feathers 
and wing coverts, was black. All of the chicks 
fed the vitamin D deficient diets grew some 
feathers with black pigment. The degree and 
distribution of black pigmentation, however, 
varied considerably. Without exceotion, all 
of the chicks receiving the diets supplemented 
with vitamin D or vitamin D plus iodinated 
casein had normal buff colored feathers, free 
of black pigment. Under the conditions of this 
experiment, thyroactive iodinated casein did 
not increase the deposition of black pigment 
in chicks fed a vitamin D deficient diet or a 
diet supplemented with this vitamin. 

At the end of the e.xperiment, several chicks 
from each lot were placed on a chick ration 
containing vitamin D. The immature black 
feathers of chicks fed the vitamin D deficient 
diets during the experimental period grew 
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with a normal buff color at the base following 
the change in diets. This growth of normal 
colored feathers was noted at about five days 
after the diets were changed. Fig. 1 shows 
the banding effect produced in the feathers. 

Summary. In an experiment with Buff Or- 
pington chicks, a breed normally having no 
black pigment in the feathers, it was found 
that a deficiency of vitamin E caused a wide- 
spread deposition of black pigment in the 


feathers. This abnormal blackening was pre- 
vented by supplementing the diet with vita- 
min D. 

The feeding of thyroactive iodinated casein 
failed to increase the deposition of black pig- 
ment in chicks fed either a vitamin D de- 
ficient or vitamin D supplemental diet. 

The iodiii.ited casein iras supplied bp Ceroph.vi 
L.ibor.itories, Inc., Kansas City, JIo. 


16045 

Response of Spontaneous Lymphoid Leukemias in Mice to Injection of 
Adrenal Cortical E.\'tracts.*f 

L. W. Law and Robert Speirs, (Introduced by C. C. Little.) 

From the Eoscoe S. Jachson Memorial Laboratory, Ear Harbor, Maine, and the Eepartment of 
Zoology, University of Wiseonsin, Madison. 


Striking alterations in blood elements have 
been observed to result from injections of 
pituitary adrenotropic hormone in various 
species of animals.^’- The blood picture ob- 
served within a few hours after injection is 
as follows: decrease in leukocyte count, an 
absolute lymphopenia and a corresponding 
absolute polymorphonuclear leukocytosis. 
Statistically significant decreases in the 
weights of lymphoid tissues, e.xcepting the 
spleen, following injections of adrenotropic 
hormone, indicate a profound influence on 
normal maintenance of lymphoid tissue by 
this hormone.^ Histological studies indicate 
specific degenerative changes of normal lym- 
phocytes in all lymphatic structures with re- 
pair and recovery after definite time inter- 


*Work supported in part under .a grant from 
tlio American Cancer Society on rccoinincndatiou 
of tlio Committee on Gron-tli of tiie Nation.al Ke- 
scnroli Council. 

t Toclinical assist.ance of Lester E. Bunker, .Ir., is 
gratefully acknowledged. 

1 Bouglierty, T. P., and White, A., Science, 1D43, 


08, 307. 

a Dougherty, T. P., and AVhitc, 
ology, 1944, 35, 1. 

3 Dougherty, T. F., and White, 
Exr. Biol. JIed., 1943, .53, 1.32 


A., Fndocrin- 
A., Pnoc. Soc. 


vaJs.'* These changes are mediated through 
the adrenal cortex and similar alterations, 
although at possibly different time intervals, 
occur following injections of adrenal cortical 
extracts.- 

In view of these profound effects on normal 
Jymphocydic tissues, w'e have undertaken a 
study of the effects of adrenal cortical extract 
on the immature elements in spontaneous 
lymphoid leukemias in mice. Earlier studies 
have indicated some relationship between 
the adrenals and the growth of transmitted 
animal leukemias. Sturm and Murphy* 
showed that adrenalectomy reduced the 
natural resistance of rats to a transplant- 
able lymphoid leukemia. The rate of 
growth of the leukemia was also appar- 
ently increased following adrenalectomy. 
It has been akso" shown that deso.xycortico- 
sterone acetate and two adrenal cortical e.v- 
Iracts decreased the susceptibility' of rats to 
a transplanted leukemia. Complete disappear- 

■I Dougherty, T. P., und tVliito, A., Am. ,T. Anat., 
1945, 77, 81, 

3 Sturm, E., uml Murphy, J. B., Cancer Hescareh, 
1944, -1, SS4. 

Ullurpliy, .T. n., nml .Sturm, E., Science, 1944, 
on, 303. 
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ance of a transplantable lymphoid tumor in 
mice followed by recurrence but definite 
retardation in growth after administration of 
ll-dehydro-17 hydroxj'corticosterone (Com- 
pound E) has been reported." 

In the C58 strain of mice approximately 
9Qfc of mice of both sexes develop leukemia, 
the majority of which are lymphoid in origin. 
Early symptoms of leukemia can he detected 
within the strain b}”^ periodic palpation of 
lymph nodes. Usually a single node is in- 
itially involved® followed by a progressive 
systemic course of the disease. An incidence 
of approximately 80% leukemia, involving a 
significanth' greater number of females than 
males, has been observed in the inbred RIL 
strain. The majoritj^ of these leukemias in- 
volve initiall}^ and principally the thymus. The 
first symptom observed is usually that of 
dyspnea and the animals are at this time in 
the terminal stage of the disease. 

The leukocyte count is definitely elevated 
in leukemias of both strains of mice, although 
not severely, and immature lymphoid forms 
have been found in the peripheral blood of all 
leukemias observed within these strains. There 
occurs a progressive leukocytosis and a def- 
inite increase in circulating immature forms 
as the disease runs its course. 

In the following experiment we aie report- 
ing 13 cases of spontaneous lymphoid leu- 
kemia arising in the inbred leukemic strains 
of mice, CSS and RIL (including 2 hybrids 
between these strains) which were injected 
with adrenal cortical extracts. Most of these 
leukemias were in the terminal stages of the 
disease (from 5 to 16 days following dis- 
covery of symptoms) when administration 
of adrenal cortical extract was begun, ilice 
of the CSS strain had moderate to severe 
lymphadenopathy of the axillary, inguinal 
and cervical lymph-nodes, moderate to severe 
splenomegaly and numerous immature leuko- 
cytes in the peripheral circulation. Jilice of 
the RIL strain showed dyspnea and thoracic 

~ npiJni.in, F. R., .iiul Kendall, E. C., Endocrin- 
olopn, 1944, 34, 410. 

SEaw, L. W., Prop. Xat. Acad. Set.. 1947, 33, 
204. 


enlargement and in some cases had subcutan- 
eous l 3 '-mph-node and splenic involvement. 
In 5 of the 13 cases of spontaneous leukemia, 
biopsy tissue (axillary or inguinal tymph 
node) was taken prior to treatment, part of 
which was saved for histological section and 
the other part inoculated into mice of the 
strain of origin of the leukemia. This was done 
to confirm further the diagnosis of leukemia. 

Leukemic mice were inoculated initially, 
either intraperitoneally or subcutaneously 
with from 0.1 to 0.5 cc of adrenal cortex 
extract (aqueous) or lipoadrenal corte.x.t 
Since the lipoadrenal cortical extract gave 
the most favorable effects, subsequent inocu- 
lations were continued with this at usually 
0.1 cc inoculation every 24 hours. Several 
animals received this dose ever}’' 12 hours for 
a considerable period of time and optimum 
response as determined by blood analv’^ses was 
obtained. Blood analj'ses were made at 0, 3, 
6, 9, 24, 72, and 168 hours and at various 
times thereafter throughout the life of the 
animal. 

The blood picture obtained is characterized 
by: (a) decrease in total white blood-cell 
count, (b) decrease in absolute number of 
lymphocytes with a corresponding polymor- 
phonuclear leukocytosis and decrease in abso- 
lute number of immature forms (lymphocytes 
and h'mphoblasts). Following initial admin- 
istration of adrenal cortical extract, the max- 
imum blood alterations were noted at 6 hours. 
After continued hormone administration these 
effects were enhanced so that in the majority 
of mice given daily injections for 168 hours 
or longer there resulted a severe lymphopenia 
and decrease in absolute number of circulat- 
ing immature blood cells. Two cases, however, 
both in the CSS strain proved refractory aftei 
72 hours and showed a progressive increase in 
circulating leukocytes and immature forms. 
Recovery to a leukemic blood picture tended 
to occur after 9 hours following injection of 
adrenal cortical extract. However, after con- 
tinuous daily injections over a relatively long 
period of time an effect of the extract has been 
observed in animals 24 hours after injection 

t Obtained from tbe Epjobn Co., Kalamazoo, 
Midi. 
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<f \Om RIL J lOJSO'ltlL . 5 IOI»T RIL 



HOURS AfTCR IRUeCTfOR Of ADREHAl CORTICAL WWRACT 


Effect of injections of aarenai cortica) extract on the v,Vite Wood ceil ^ 

of the BIL str,Mn ^vith lymphoid leukemia. Injections were eivcn mtee 4cro 

analyses wore made usually at d hours foilomng injection Blood analyses for these mice we 
continued throughout life and are explained furflier in the te.xt. 


(Fig. 1 and 2). 

Degenerating lymphocytes both mature and 
immature were observed in peripheral blood 
6 hours after initial injection of adrenal 
cortical hormone and constituted as much as 
20% of the differential count in several leu- 
kemic animals which had received injections 
over a period of 10 days to 2 weeks or longer. 
Nuclear degenerative changes were prominent 
in these cells, Dougherty and V.'hite^^ have 
not described a peripheral removal of lympho- 
cytes in their experimental observations in 
normal mice but suggest this as a possible 
mechanism in normal lymphocyte dissolution. 
Whether the phenomenon observed here is 
characteristic of the lymphocytes of leukemic 
mice or is related to a strain difference in the 
mice emDloved must await further expen- 


Favorable effects of adrenal cortical e.xtract 
on hemoglobin Im-eis in leukemic mice have 
not been observed, although it is possible that 
S i» he».globi. kvcis .s no, » 


precipitous in treated as in control leukemic 
animals. 

Profound palliative effects were noted with- 
in 24 to 48 hours in the majority of leukemic 
mice. These effects were: complete disappear- 
ance of the symptoms of dyspnea and thoracic 
enlargement and marked regression in infil- 
trated inguinal, axillary, cervical and mesen- 
teric lymph-nodes. Definite regression of the 
spleen was noted in some leukemic animals 
but this was not constant throughout the 
treated series. It has been reported in normal 
mice receiving injections of adrenotropic hor- 
mone that tJie spleen did not show the char- 
acteristic weight decrease observed for other 
lymphoid tissues.^* The characteristic response 
to adrenal cortical extract in a typical case, 
5 10130 RIL, was as follows: .Sixteen days 
after appearance of symptoms of leukemia 
this animal was in the terminal stages of 
leukemia. There was extreme dysimea, mod- 
erate involvement of all subcutaneous lymph 
nodes, each measuring approximately 3 x 3 
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HOURS AFTER INJECTIOH OF AORENAL 
CORTtCAL EXTRACT 

Fig. 2. 

Mean percentage increase or decrease of initial 
number of blood cells in leukemic mice rcceiring 
daily injections of adrenal cortical extract. Each 
]ioint on curre represents tlie mean of data obtained 
from at least 10 mice. Mean pereent.age increase at 
108 liours is tlie result of including diita of 2 mice 
wliicli became refractory at this time. 

mm. a moderately involved spleen and palp- 
able mesenteric nodes. Biopsy tissue from an 
inguinal IjTOph node showed severe infiltration 
of immature forms and mice of the RIL strain 
inoculated with the remaining tissue of the 
inguinal node developed leukemia within 3 
to 4 weeks. The leukocyte count was elevated 
to 40,500 and 24% of the circulating cells 
were lymphoblasts. Lipoadrenal cortex was 
injected subcutaneously 0.1 cc twice daily. 

ithin 48 hours all subcutaneous nodes had 
completely regressed, there was no evidence 
of dyspnea and the spleen and mesenteric 
nodK showed definite regression. This animal 
continued to show regression with dailv in- 
oculation of extract and died 30 'days 
after appearance of symptoms at which time 
the subcutaneous lymph nodes were normal 
in size, the thymus and spleen showed slight 


to moderate infiltration and the liver and kid- 
neys were greatly infiltrated. (See Fig. 1 for 
blood response in this animal.) 

Lymph nodes, spleen, thymuses, li%'er and 
other organs were removed following death 
of the animal for histological study. In ad- 
dition several inguinal nodes were removed 
at 2 and 3 days following initial injection. 
Severe alterations in infiltrated lymph-nodes 
and thymuses were obserx'ed in leukemic mice 
which bad received numerous injections of 
adrenal cortical extract. Extensive degenera- 
tive changes of the immature ly^mphocytes were 
evident. Xuclei were pyknotic and of various 
sizes and bizarre shapes. Hyperplasia of the' 
cydoplasm was marked in numerous -immature 
forms. Nuclear debris was scattered through- 
out the organ with very little evidence of 
phagocytosis. There was a severe depletion 
of immature forms and a “washed-out” ap- 
pearance of nodes and thymuses. Recovery 
and repair processes were not noticeable. Mi- 
totic figures were not observed. In contrast, 
the alterations in the spleen of leukemic mice 
receiving long continued injections were more 
localized. Numerous macrophages were pres- 
ent, filled nith nuclear debris and there were 
many^ areas of histiocytic infiltration wherein 
the histiocyte-like cells had abundant evto- 
plasm but did not e.xhibit phagocytosis. 

In inguinal lymph nodes examined at 2 and 
3 days there were in ev'idence areas of recovery 
with many macrophages present, filled with 
nuclear debris. In addition in scattered areas 
there were present large reticular cells lying 
free in the sinuses but not actively phagocytic. 

Degenerative changes of the immature 
lymphocytes were not found in the non- 
hemopoietic tissues studied. 

Definite weight decreases of spleen, thymus 
and subcutaneous lymph-nodes of treated leu- 
kemic mice were obtained. The effect on 
thy mic mass was most severe resulting in a 
mean weight of 270 ± 90 mg in the kperi- 
mental series compared with 663 ~ 66.5 mg 
in leukemic controls. 

From the small number of mice observed 
m this preliminary series, it is impossible to 
state the effect on life e.xpectancy. Two leu- 
kemic mice of the RIL strain have lived 30 
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and 42 days respectively with continued dailj*^ 
intraperitoneal inoculations. We have observed 
the course of the disease in more than 50 
leukemic animals of this strain and none 
has sur\dved for this period of time. 

Siimmayy. Injections of adrenal cortical 
extract into 13 mice of the inbred CSS and 
RIL strains in the terminal stages of spon- 
taneous lymphoid leukemia resulted in the 
following responses: (a) An acute response 
(maximum at 6 hours following initial injec- 
tion) resulting in a decrease of circulating 
leukocytes of the blood, a lymphopenia with 
a corresponding absolute polymorphonuclear 
leukocytosis and a decrease in the number of 
circulating immature lymphocytes, (b) These 
blood alterations become more pronounced 
following continuous daily injections and tend 


not to return to the leukemic blood picture 
within 24 hours after injection of the extract, 
(c) Regression of infiltrated thymuses and 
subcutaneous Ijraph nodes was obsen^ed. Re- 
gression of the spleen, although definite, was 
not so pronounced as that observed in other 
lymphoid tissues, (d) Extensive degenerative 
changes in immature lymphocytes in thjTnuses 
and lymph nodes resulting in pyknosis, dis- 
solution and depletion of these cells. In the 
spleen similar changes occurred but were not 
so generalized. Pronounced degenerative 
changes in immature lymphocytes was ob- 
served in thymuses and lymph nodes of mice 
receiving daily injections over a relatively 
long period of time. Recovery and repair in 
these ly-mphoid organs was slight. 
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Intertransformability of Salmonella simsbttry and Salmonella senftenberS* 


P. R. Edwards, Alice B, Moran, and D. W. Bruner. 

From the Department of Animal Pathology, Kentucky Agricultural Experiment Elation, 

Lexington, Ky. 


It is recognized^'” that profound changes 
may be induced in H antigens of Salmonella 
by cultivating the organisms in serums con- 
taining appropriate H agglutinins. Such 

* The investigation reported in this paper is in 
connection with a project of the Kentucky Agri- 
cultural Experiment Station and is published by 
permission of the Eirector, It was supported in 
part by a research grant from the IT. S. Public 
Health Service. 
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7 Edwards, P. E., and Jloran, A. B., Fnoc. Soc. 
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changes seem to occur particularly in mono- 
phasic cultures. Thus, in the stools of a per- 
son infected with 5. cholerac-suis var. knnzem 
dorj (VI,Vn;l,5) Kristensen and Bojlen® 
found an organism with the biochemical prop- 
erties of Kunzendorf whose antigens were 
\''I,VII;c. Such variants are easily produced 
in vitro by cultivating Kunzendorf cultures 
in 1,5 serum. The writers have encountered 
12 of these variants occurring naturally 
among cultures from man and swine. Like- 
wise, Edwards and Moran” found that mono- 
phasic strains of S. minucsota (XXI,XXVI;b) 
were easily changed to a form with new H 
antigens (XXLXXVIrzaa) by cultivation in 
b serum. Cultures with the latter formula 
occurred naturally among strains isolated from 
sewage by A. A. Hajna and it seems very 

s Kristensen, AT., .md BojJen, K., Lbt. f. Baht., 

I, Orig., 1936, ISO, 295. 
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likely that they arose from XXI.XXA^rb 
cultures by induced variation which occurred 
in nature. 

Observations like the above cast suspicion 
on Salmonella types with unusual H antigens. 

A type with hitherto unrecognized H anti- 
gens may be a derivative of some known type 
whose antigens have been changed. Bruner 
and Edwards" described 5. simsbury (1,111,- 
XlXrz^r) as a new type with distinct H 
antigens. Subsequently 10 additional rep- 
resentatives of S. simsbury were recognized 
among cultures received for typing. While the 
organism seemed to constitute a valid Salmon- 
ella type and was so accepted, the observa- 
tions on 5. minnesota indicated the need for 
further study of the relationship of 5. siws- 
biiry to S. senjtenberg (I,III,XIX:g,s,t). 

Nine cultures of S. simsbury were plated 
and single colonies selected. The single colony 
isolations were examined and found to have 
0 and H antigens characteristic of the type. 
They were inoculated into semisolid agar to 
which had been added Z27 serum freed of 
0 agglutinins by absorption with boiled 
cultures of S. senjtenberg. One culture gave 
evidence of change in the H antigens by 
spreading slightly in the first transfer in 
serum-semisolid medium. From this spreading 
growth a form indistinguishable from S. 
senjtenberg was isolated. Similar changes were 
observed in the remaining 8 strains of 5. 
simsbury after 6 to 11 transfers in the medium. 

The cultures of S. simsbury which had been 
changed to I,III,XIX;g,s,t and 10 typical 
cultures of 5. senjtenberg were then planted 
in semisolid medium containing g,s,t serum. 
These cultures proved more resistant to 
change than did the original 5. simsbury 
strains, .^fter 10 to 12 serial transfers over 
a period of 2 months they began to spread 
very slowly through the medium. .After sev- 
eral additional transfers a form which bad 
H antigens unlike any known Salmonella 
type was isolated from all the cultures. To 
this form the symbol was applied. 

The Z34 forms were then transferred serially 
in semisolid medium which contained both 

» Bruner, B. W., .-ind Edwards, P. E., Peoc. Soc. 
E.xp. Bioi,. AXD Med., 1942, GO, 174. 


g,s,t and zxi serums. After numerous transfers 
over a period of 3 months one of the S. 
senjtenberg cultures spread rapidly through 
the medium. From this culture a form having 
the antigens I,III,XIX:2o7 was isolated. The 
remaining Z34 cultures gave no evidence of 
change. 

The agglutinative characteristics of the 
various forms are given in Table I. Absorp- 
tion tests confirmed the results obtained by- 
agglutination. The g,s,t form of 5. simsbury 
removed all agglutinins from S. senjtenberg 
serum. Likewise, the z;- form of 5. senjten- 
berg e.xbausted 5. simsbury serum. The 
changes brought about may be summarized 
as follows: 

I,UI,XlX:zo., 5. I,ni,XIX;g,B,t 

I,ra,XIX:g,s,t > I,III,X1XZ34 y 

r,nr,xix:z27 

S. simsbury and S. senjtenberg must have 
descended from the same ancestral stock. 
Possibly this ancestor was a typical diphasic 
Sahnonclla which shifted normally between 
g,s,t and Z07 phases. A stock culture of S. 
simsbury that had been transferred regularly 
on agar slants for 5 years was found to pos- 
sess H antigens like those of S. senjtenberg. 
The conditions under which the culture was 
kept made it highty improbable that it was 
mislabelled. This apparent spontaneous 
change of a stock culture from Z27 to g,s,t 
supports the hypothesis that the ancestor 
of the two types was diphasic. A second pos- 
sibility is that the parent culture was a more 
complex monophasic strain which spontan- 
eously divided into two simpler components. 
Loss variation of this sort occurs in 5. hor- 
maechei (XXIX,Vi:z3o,Z2i) which produces 
XXIX,Vi;z3o and XXlX,Vi:zzi variants 
which are quite stable but which can be 
changed each into the other by growth in 
appropriate serums (Edwards*"). A third 
possibility is that the very rare 5. simsbury 
is an induced variant of the commonly oc- 
curring 6'. senjtenberg just as XXr,XXVr:z33 
seems to be an induced variant of XXI, - 
XXVI:b. The difficulty' of the g.s.t— ^■^Z27 
variation does not support this view. 

It is not possible to state e.xactly how 
10 Edwards, P. E., J. Boot., 1046, 31, 523. 
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and 42 days respectively with continued daily 
intraperitoneal inoculations. We have observed 
the course of the disease in more than 50 
leukemic animals of this strain and none 
has survived for this period of time. 

Summary. Injections of adrenal cortical 
extract into 13 mice of the inbred CSS and 
RIL strains in the terminal stages of spon- 
taneous lymphoid leukemia resulted in the 
following responses: (a) An acute response 
(maximum at 6 hours following initial injec- 
tion) resulting in a decrease of circulating 
leukocytes of the blood, a lymphopenia with 
a corresponding absolute polymorphonuclear 
leukoc3dosis and a decrease in the number of 
circulating immature lymphocytes, (b) These 
blood alterations become more pronounced 
following continuous daily injections and tend 


not to return to the leukemic blood picture 
within 24 hours after injection of the extract, 
(c) Regression of infiltrated thjTnuses and 
subcutaneous lymph nodes was obserr'ed. Re- 
gression of the spleen, although definite, was 
not so pronounced as that observed in other 
Iv'mphoid tissues, (d) Extensive degenerative 
changes in immature lymphocytes in thj'rauses 
and lymph nodes resulting in pyknosis, dis- 
solution and depletion of these cells. In the 
spleen similar changes occurred but were not 
so generalized. Pronounced degenerative 
changes in immature lymphoc3'tes w'as ob- 
served in thymuses and lymph nodes of mice 
receiving daily injections over a relatively 
long period of time. Recovery and repair in 
these lymphoid organs was slight. 


16046 

Intertransforniability of Salmonella simsbury and Salmonella senftenberi* 


P. R. Edwards, Alice B. Moran, and D. W. Bruner. 

From the Department of Animal Pathology, Kentiichy Agncultnral Experiment Station, 

Lexington, Ky. 


It is recognized^'” that profound changes 
may be induced in H antigens of Salmonella 
by cultivating the organisms in serums con- 
taining appropriate H agglutinins. Such 

* The investigation reported in this paper is in 
connection ivith a project of the Kentucky Agri- 
cultural Experiment Station and is published by 
permission of the Director. It was supported in 
part by a research grant from the TJ. S. Public 
Health Service. 

1 Kauffmann, E., Z. Dyg., 1936, 119, 104. 

2 Gnosspelius, A., Z. Dyg., 1939, ISl, 528. 

3 Kauffmann, P., and Tesdal, M., Z. Dyg., 1937, 
120, 168. 

4 Edwards, P. E., and Bruner, D. W., J. Pact., 
1939, 38, 63. 

5 Bruner, D. W., and Edwards, P. E., J. Pact., 

1941, 43, 467. 

0 Edwards, P. E., and Bruner, D. W., J. Pact., 

1942, 44, 289. 

7 Edwards, P. E., and Moran, A. B., Pkoc. Soc. 
Exp. Biol. .4ND Med., 1946, Cl, 242. 


changes seem to occur particularh' in mono- 
phasic cultures. Thus, in the stools of a per- 
son infected with 5. cholerae-suis var. kunzen- 
dorj (VI, VII: 1,5) Kristensen and Bojlen® 
found an organism with the biochemical prop- 
erties of Kunzendorf whose antigens were 
VI,VII:c. Such variants are easily produced 
in vitro by cultivating Kunzendorf cultures 
in 1,5 serum. The writers have encountered 
12 of these variants occurring naturally 
among cultures from man and swine. Like- 
wise, Edwards and Moran’’ found that mono- 
phasic strains of 5. minnesota (XXI,XXVI;b) 
were easily changed to a form with new H 
antigens (XXI,XXVI:z33) by cultivation in 
b serum. Cultures with the latter formula 
occurred naturally among strains isolated from 
sewage 63”^ A. A. Hajna and it seems very 

8 Kristensen, M., and Bojlen, K., Zht. f. Palct., 

I, Orig., 1936, ISO, 295. 
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Hemoprotein from Root Nodules and Nitrogen Fixation by Rhizobiunu* 
H. F. Niss AND P. W. Wilson. 

From the Department of AgricuUnral Bacteriology, University of TTisconsin, lladison, Wis. 


Although the necessity of root nodule bac- 
teria for fixation of molecular nitrogen by 
leguminous plants has been established since 
1886, experimental proof that these organisms 
are the responsible agent still is lacking. In 
spite of numerous claims of fixation by pure 
cultures of the bacteria, few such claims 
withstand critical examination The identi- 
fication of the red pigment in root nodules 
as a hemoprotein-"® led inevitably to the 
suggestion it was directly concerned with the 
fixation reaction. Among the support for this 
proposal was an experiment by Virtanen and 
Laine” in which addition of nodular extracts 
to pure cultures of Rhizobium apparently en- 
abled them to fix appreciable quantities of 
nitrogen. The fixation was particularly strik- 
ing if oxalacetic acid was added with the 
extract. This claim appeared surprising in 
view of the difficulty in inducing excised 
nodules to assimilate molecular nitrogen al- 
though they still contain both bacteria and 
pigment. Nevertheless, because of its obvious 
importance, extensive tests of the possibility 
were undertaken. Such tests are limited to the 
summer months when sufficient nodules can 
be grown to provide pigment for extensive 
replication. During the past 2 summers we 

* Supported in part by grants from the Rocke- 
feller Foundation and from the Researeli Com- 
mittee of the Graduate School from fuuds provided 
by the Wisconsin Alumni Research Foundation. 

1 Wilson, P. W., The Biochemistry of Symhiotic 
Fitrogen Fixation, University of Wisconsin Press, 
1940. 

2Knbo, H., Acta Phytochim. (J.apan), 1939, 
11, 19u. 

3 Burris, R. H., and Haas, E., J. Biol. Chem., 
1944, 155, 227. 

■tKeiUn, D., and Wang, Y. h., Fatnre, 1945, 
155, 227. 

Virt.ancn, A. I., Xatiire, 1945, 155, 747. 

"Virtanen, A. I., and Laine, T., Snomen Kemi- 
slilchti, 1945, 18B, 39. 


have made these tests but have obtained no 
evidence that the presence of the pigment 
or any other constituent of the extract of 
nodules from soj'bean or pea stimulate the 
free living Rhizobium to fix nitrogen. Since 
these experiments were completed, a new 
report from Virtanen’ states that more ex- 
tensive trials fail to confirm their firk ex- 
periment; we shall summarize here only the 
experimental variations tested and the results. 

Materials and Methods. Nodules were taken- 
from leguminous plants grown on a nitrogen- 
poor sand in a cold-frame. Twice during the 
growing season the plants were watered with 
Hoagland’s N-free nutrient, solution. The 
nodules were picked into cold water/ drained, 
and macerated with an equal quantity of 
water. The extract was pressed through cheese- 
cloth, centrifuged for 20 minutes, then passed 
through a Berkefeld N filter and suitable 
aliquots added to 6 oz prescription bottles 
containing 25 ml N-free medium. This 
medium was; Allison’s salt mixture, 1.5 g; 
sucrose, 10 g; water, 1000 ml. Traces of 
Fe and JIo were supplied together with 1 ml/ 
liter yeast water (2 mg N) for growth factors. 
When the soybean organism was used, 1 ml 
of a mesquite gum hydrolysate was also added. 
Various- species ol Rhizobium were grown on 
agar slants (Medium 79 of Fred and Waks- 
man), and aliquots of their suspensions added 
to the N-free medium. The incubation was at 
30°C for 7 daj's; total nitrogen was deter- 
mined by a semimicro Kjeldahl procedure 
sensitive to 0.02 mg. 

Experimental variations tested in attempts 
to secure fixation included; 

1. Source oj nodules. Soybeans inoculated 
with Rhizobium japonicum 534 and Canada 
field peas with R. Icguniinosartim 317 were 
used. Nodules from plants 6 to 9 weeks old 

7 Virtanen, A. I., Jorma, J., Linkola, H., and 
Linnas.alnia, A., Acta Chemica Scand., 1947, l, 90 ^ 
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TABLE I. 
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0 

0 
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Senftenberg (Z34) 
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0 
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0 

Senftenberg (Z27) 
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0 

0 

0 
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0 

Simsbur}- (Z07) 

Unabsorbed 

0 

0 
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0 

Absorbed b}' 

Senftenberg (Z27) 

0 
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0 

Simsbury (zg^) 

0 

0 
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0 

Simsbury (g,s,t) 

0 

0 

10000 
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0 

Senftenberg (zg.) 

Unabsorbed 

0 
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500 

0 
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Senftenberg (g,s,t) 

0 

2000 
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500 

0 
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Simsbury (Z34) 

0 
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0 

0 

0 

0 

Simsbury (zgj) 

Unabsorbed 

0 
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500 
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Absorbed by 

Simsbury (Z27) 

0 

5000 

0 

0 

0 

5000 

Senftenberg (Zgj) 

0 - 

0 

0 

0 

0 
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Figures indicate highest dilutions at rvhich agglutination occurred. 
0 indicates no agglutination at 1 to 200. 


S. simsbury arose but since it obviously came versa. The Zer ^g)S,t change was accom- 

from the same ancestor as S. scnjtcnberg, it plished without difficulty but the reverse was 
seems logical to omit 5. simsbury from the done only by first transforming the H anti- 
Kauffmann-White classification and to as- gens to a hitherto unrecognized form (z^r) 
sign 5. senjtenberg the formula I, III, XIX:- and then changing them to Z 27 . It is recom- 
g,s,t — Z 27 . mended that 5. simsbury be dropped from 

Summary. By growth in serums it was pos- the classification and that the formula of 
sible to change S. simsbury (I,III,XIX:z 27 ) 5. jeK/tewierg be written I,III,XIX:g.s,t — Z27- 
into S. senjtenberg (I,III,XIX:g,s,t) and vice- 
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by the summary in Table I no such gains ivere 
obtained. It is concluded that if fbiation oc- 
curs it is too weak to be detected by the 
Kjeldahl method. The possibility that the 
slisht gains occasionally obser\’ed possess 
significance is now being tested using the 
much more sensitive isotopic method. 

Summary. Fetation of molecular nitrogen 
could not be induced in free-living cultures of 
Rhizobtum by supplying them with e.vtracts 
of root nodules containing the hemoglobin- 


like pigment. Nine e.xperiments were made 
during 2 growing seasons. Variations in tech- 
nique included; species of bacteria; source 
of nodular e.\'tract: addition of oxalacetic, 
a-ketoglutaric and citric acids; and method 
of preparing the e.vtract. Analyses of the re- 
sults showed that gains of 0.2-0.3 mg N were 
required for statistical significance, but even 
these slight increases were not consistently 
obtained. 


16048 

Effect of Induced Liver Cirrhosis on the Reproductive System of the 

Male Rat.* 

Marjorie Feiner, Boris Krichesky, and S-aaiuel J. Glass. 

From the Department of Zoology, Dniversiiy of Califomia, Los Angeles. 


VTiile it has been shown repeatedly that 
the physiologj’’ of reproduction is dependent 
upon the maintenance of a normal pituitarj'- 
gonadal balance, it is also becoming increas- 
ingly evident that intact liver function is 
essential to the normal metabolism of the 
sex steroid hormones. The results of in vitro 
experiments performed by numerous investi- 
gators have pron'ded ample evidence that 
the liver is the principal organ responsible 
for the inactivation and removal from the 
blood of the natural estrogen of the body 
(Silberstein et al..^ Zondek," Engel and Nav- 
ratel,^ Heller ct aJ.,^ Heller,^ and Engel,*^). 
Inactivation of endogenous estrogens by the 
liver has been reported by numerous workers 

• Aided by grants from Ayerst, ilcKenna, and 
Harrison, Ltd., Bouses Point, New Torb, and the 
Board of Eesearth, UniTersity of California. 

1 Silberstein, P., Engel, P., and ilolnar, E!., 
Klin. TTchnslir., 1933, 12, 1C93. 

2 Zondek, B., Sf.-and. Arch, fur Physiol., 1934, 
70, 133. 

3 Engel, P., and Kavratel, E., Biochem. Z., 1937, 
292, 434. 

"t Heller, C. G., Heller, E. X. and Sercringhaus, 
E. L., Am. J. Physiol., 1939, 120, 530. 

5 Heller, C. G., Pndoerin,, 1940, 20, 019. 

0 Engel, P., Pndoerin., 1941, 29, 290. 


using varying techniques. Talbot" induced 
liver damage in female rats ivith carbon tetra- 
chloride in alcohol and found an increase in 
uterine weight of 200% by the third day of 
the e.xperiment. From this he concluded that 
the poisoned animals were e.xposed to an 
increased concentration of blood estrogen 
because of the impaired inactivating capacity 
of the liver. 

Other e.\periments (Golden and Severing- 
haus,^ Biskind and Mark,® BLskind,^® Kri- 
chesk}', Benjamin and Slater, were devised 
to divert the gonadal hormones directly into 
the portal or into the systemic circulation. 
VTien the portal route was used the hormones 
were prompth' inactivated, as shoini by fail- 
ure to maintain the sex accessories of castrate 
animals, whereas the hormones escaped in- 
activation when they drained directly into 

r Talbot, X. B., Endocrin., 1941, 25, 290. 

s Golden, J. B., and .Sereringhaos, E. L., Peoc. 
Soc. Exp. Eron. A^-D ifa)., 193S, 39, 361. 

9 EisHna, G. E., and ilarh, J., Bull. Johns Bop- 
hins Eosp., 1939, G5, 212. 

lOBisldna, G. E., Peoc, Soc. Exp. Biol, al-d 
aiED., 1941, 47, 206. 

11 Krichesky, E., Benjamin, X A., and Slater, C., 
Endocrin., 1943, 32, 345. 
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TABLE I. 


Sumniarjr of A^itrogen Fi-vation E.\-perimciits. 



Exp. I 

E.xp. II 

Exp. in 

Treatment 

No. of MeanN, 
samples ing/25 ml 

f A 

No. of Mean N, 
samples mg/25 ml 

No. of 
samples 

Mean N, 
nig/25 ml 

Control 

2 2.95 

2 2.57 

0 

2.65 

None 

2 2.96 

3 2,62 

3 

2.63 

o-Ketoglutaratc 

2 2.96 

4 2.51 

4 

2.72 

Oxalacetate 

2 2,99 

3 2.60 

4 

2.64 

Citrate 

2 3.03 

4 2.66 

3 

2.73 


E.xp. IV 

Exp. V 

Exp. VI 

Control 

3 3,25 

2 1.03 

2 

3.38 

None 

4 3.24 







a-Ketoglut.oTate 

3 3.25 

2 1.66 

2 

3.27 

Oxalacetate 

2 6.37* 

2 1.38 

3 

3.73 

Citrate 

3 3.19 

4 6.38* 

2 1.69 

O 

3.25 


Exp. VII 

Exp. vni 

Exp. IX 

Control 

2 2.41 

2 3.20 

2 

2.64 

None 

2 2.49 

2 3.19 

3 

2.01 

a-Ketoglufarate 

4 2.43 

3 3.36 

2 

2.99 

Oxalacetate 

3 2.38 

3 3.22 

— 

— 

Citrate 

2 2.45 

3 6,14* 

2 

2.94 


Extract of nodules containing pigment added to ail samples: those marked Tvith asterisk 
given tvdee the lerel of others. Controls kept at 3°C, others at 30°O. 


gave the most satisfactorj^ e.\tracts. 

2. Method of Extraction. In about one-half 
the experiments, the nodules were e.xtracted 
in . the cold under carbon monoxide. Before 
its addition to the medium the pigment was 
reox-ygenated for 20 minutes. 

3. Filtration. The finest filter tried was a 
Seitz, but a Berkefeld N was usually used as 
it did not ciog. Extracts of nodules from 
plants in the flowering stage were so viscous 
that they passed only through the cheesecloth. 

4. Orgauisjti. Species of Rhizohhm tested, 
singly or in mixtures were R. japonicmn, R. 
Icguminosarum., R. inelilotii, and R. irilolii. 

5. Additions. Various organic acids, oxala- 
cetic, a-ketoglutaric and citric, often impli- 
cated in fixation schemes were added (IS 
mg/25 ml). 

6. Incubation. In some e.xperimenfs the 
bacterial cells were incubated for 3 days in the 
N-free medium before the addition of the 
e.xtract as was suggested by Virtanen and 
Laine;« in others, the cells and extract were 

added at the same time. 

7. Miscellaneous. Two to 4 replicates were 
made of each treatment. The controls were 
treated in the same way as the experimental 


flasks but were kept at 3°C. The quantity 
of pigment added varied with the preparation, 
but an attempt was made to standardize this 
so that the e.xtract added to 25 ml contained 
2 to 3 mg N. In 2 e.xperiments twice the 
usual level of extract rvas supplied. About 
0.1-0.2 mg N was contained in the bacteria 
used as inoculum. 

Results. The agreement in nitrogen con- 
tent among replicates is illustrated by the 
data from a typical e.xperiment; Control, 2.60, 
2.53; plus e.xtract, 2.62, 2.61, 2.63; plus ex- 
tract and oxalacetate, 2. 58, 2.58, 2.62; plus 
e.xtract and a-ketoglutarate, 2.66, 2.50, 2.63, 
2.62; plus extract and citrate, 2.55, 2.72, 2.58, 
2.69 mg per 25 ml. Statistical analysis of the 
data from 9 experiments (113 samples) in- 
dicated that the standard deviation of the 
means of duplicates was about 0.15 mg and of 
the means of quadruplicates about 0.10 mg. 
Therefore, the means of the replicates lor each 
treatment would have to exceed that of the 
control by 0.2 to 0.3 mg even to approach 
statistical significance. .Actually, of course, 
one would wish greater differences for so 
important a conclusion, e.g., a gain of at least 
0.5 to I mg of N per bottle. .As can be seen 
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TABLE I. 

Effect of Carbon Tetr.neliloride Intubation of tlieAVeigbt of the Se.x Accessories in the Male Eat 
(0.0.O cc CClj in 509fc Alcohol Administered 3 X 'WceWv). 


Group 

Xo. 

Xo. of 
rtnimals 

Duration of 
treatment, 
days 

Avg body wt, 
g 

Avg sex aeces. wt, 
mg 

Avg testis wt, 
mg 

1 

8 

0 

1C3 

845 

1841 

o 

G 

oo 

160 

637 

1921 

3 

7 

43 

154 

390 

1663 

4 

7 

GO-80 

loo 

278 

1840 

.1* 

4 

88+40 

207 

476 

1586 


* In Group 5 carbon tetrachloride ivas administered for 88 days. The animals ivcrc then 
maintained for 40 days ^vifhout treatment before they were sacrificed. 


fur was rough; the backs were arched and 
they lost weight rapidly. iXfost of these were 
sacrificed in order to obtain fresh ti.ssues for 
histologic studj’. The mortality among the 
other 2 groups was almost the same (approx- 
imately 20%) and onlj' few of the surviving 
animals showed observable evidence of ill- 
ness. Liver necrosis appeared in the animals 
receiving 0.025 cc of carbon tetrachloride by 
the 19th day and by the 11th day in the 
0.05 cc group. Cirrhosis was present in the 
0.025 cc group by the 58th day and by the 
44th day in 0.05 cc group. The latter dose, 
therefore, produced maximum hepatic injury 
in the shortest time with no greater mortality 
than in the .025 cc group. 

The liver manifested a series of progressive 
architectural changes not unlike that seen in 
human cirrhosis, that is, cloudy swelling and 
fatty infiltration in early stages, followed by 
central necrosis of the lobule with attempts at 
healing in the longer term experiments. Fi- 
brosis, as well as gross nodularity was evident 
after 44 days of carbon tetrachloride feeding. 
In animals with more advanced liver failure, 
ascites was usually present. 

From the onset of carbon tetrachloride 
intubation the kidneys of all animals became 
pale in color and later took on a yellowish 
cast. In the long term experiments the color 
was usually a chocolate brown. The histologic 
picture was remarkably constant with an 
early cloudy or albuminoid swelling followed 
by more severe swelling of the cells and ac- 
companied b\ a coarsening of the reticulum 
and a clouding or granulation of the cyto- 
plasm. This persisted throughout the e.xperi- 
ment and was nearly constant at all dosage 
levels. 


In the second e.xperiment the pertinent 
data are given in Table I. The average weight 
of the sex accessories (including seminal ves- 
icles, coagulating gland, ampullary gland, and 
the lateral, dorsal and ventral lobes of the 
prostate) was 845 mg in the untreated ani- 
mals. After 22 days of treatment with 0.05 
cc carbon tetrachloride the average weight of 
the accessories was 637 mg or approximately 
a 25% decrease. After 43 days of treatment 
the average weight was decreased by 53% to 
390 mg. The group receiving treatment for 
60 to 80 days showed accessories weighing 
only 278 mg, a 67% decrease below the un- 
treated controls. The final group treated for 
88 days and then maintained for 40 days 
nithout treatment before being sacrificed 
showed partial recovery in the weight of the 
accessories. In this group the accessories aver- 
aged 476 mg, a decrease of 44% below the 
controls and an increase of 70% over the 
group treated for 60 to 80 da\'s and sacrificed 
immediately thereafter. 

Although there was striking atrophv of the 
.sex accessories following liver dam’age by 
carbon tetrachloride, yet the results indicate 
that the testicles were not so greatly affected. 
There was great variation in testicular weight 
among animals of all groups and because the 
number of animals used was small the data 
given in Table I are not considered sianificant. 

Histologic examination of the testes revealed 
no striking architectural disorganization of the 
seminiferous tubules. Spermatogenesis was 
not greatly impaired in the majoritv of ani- 
mals. In only 2 of 32 testes e.xam'ined was 
marked testicular damage observed. This was 
indicated by absence of mature sperm and 
marked atrophy of spermatogenic cells. 



236 


Sex Organs in Hepatic Damage. 


the systemic circulation and consequently the 
sex accessories were maintained. The usual 
method was to transplant the gonad into the 
mesentery to facilitate drainage into the 
portal vein or to transplant the gonad into 
the axilla or body wall to prevent portal 
drainage. Steroid hormone pellet implants in 
the spleen of castrate rats was the method 
favored by Biskind and his associates. 

Further indication of hepatic inactivation 
is provided b}' the study of steroid hormone 
metabolism in the presence of experimental 
or clinical liver damage. Extensive liver dis- 
ease seems to impair hormone inactivation 
so that estrogenic effects are usually intens- 
ified Pincus and Martin’- report an 80% 
increase in estrogen effectiveness in rats with 
e.vperimental liver damage. Human observa- 
tions (Edmondson ct a/.,'-’ Glass, cl of., 
Gilder and Hoagland,’" and others) imply 
that acute or chronic liver disease, if extensive 
enough, may be associated with impairment 
pf steroid hormone metabolism. Such disease 
may be followed by impairment of testicular 
function or the development of the full blown 
syndroms of testicular atrophy, gynecomastia 
and torso' alopecia. The latter syndrome has 
been ascribed b}" one of us (Glass) to the 
effects of circulating biologically active estro- 
gens emanating from failure of hepatic in- 
activation. To test this thesis it was deemed 
advisable to study the sex organs of male 
rats with e.xperimental liver damage. The 
spontaneous effects of liver damage on the sex 
organs of the e.xperimental animal have not 
been adequately investigated. 

Method. Eighty-four mature male Wistar 
albino rats weighing from ISO to 210 g were 
used and were maintained on Rockland rat 
pellets and lettuce. All animals were intubated 
thrice weekly and given various amounts of 


lePineus, G., and JIartin, D. W., Bndocrin., 
1940, 27, 838. 

33 Edmondson, H. A., Glass, S. J., and Soli, S. N., 


ROC. Soc. Exp. Biol, axd Med., 1939, 42, 97. 

14 Glass, S. J., Edmondson, H. A., and Soli, S. N., 

nclocrin., 1940, 27, 749. j c n o -o- 

15 Glass, S. J., Edmondson, H. A., and Soil, S. A., 

. dill. Endocrin., 1944, 4, 54. 

1 C Gilder, H., and Hoagland, C. L., Proo. Soc. 
xp. Biot. AXn Med., 1946, 61, 62. 


carbon tetrachloride in 50% alcohol. Two 
e.xperiments were carried out. 

Experiment I. A pilot experiment using 35 
animals was undertaken to determine the 
amount of carbon tetrachloride that would 
produce maximum hepatic damage with min- 
imum mortalit3C The animals were divided 
into 3 approximately equal groups: Group A 
received 0.025 cc carbon tetrachloride in 
alcohol in doses of 0.5 cc; Group B received 
0.05 cc in doses of 0.5 cc; Group C received 
0. 10 cc in doses of 1.0 cc. Animals from each 
group jimre sacrificed at selected intervals. 
Biopsies were carried out during the course 
of the treatment which continued for as long 
as 12 weeks in some animals. iMacroscopic 
e.xamination of the liver was made at autopsy 
and portions of the liver and kidne,v were pre- 
pared for histologic study. 

Experiment II. Having determined an ade- 
quate dosage of carbon tetrachloride, a sec- 
ond experiment was carried out to determine 
the effects of hepatic injury on the male re- 
productive .system. Forty-nine animals were 
used, 17 either died or were sacificed for 
histologic material during the course of the 
experiment and the remaining 32 provided 
the quantitative data. The experimental ani- 
mals were intubated 3 times per week with 
0.05 cc carbon tetrachloride in 50% alcohol 
solution in doses of 0.5 cc. Five groups were 
employed: Group 1, animals serving as con- 
trols without treatment; Group 2, animals 
intubated over a period of 22 days; Group 
3, animals intubated over a period of 43 days; 
Group 4, animals intubated over 60 to SO 
days; Group 5, animals intubated for 88 
days and then maintained without treatment 
for 40 days. 

All animals were weighed before and after 
the e.xperiment. The sex accessories ivere care- 
fulh' dissected free of surrounding connective 
tissues and were weighed on a torsion balance. 
The testes were also removed and iveighed. 
These structures and the liver and kidnej’S 
were preserved for histologic studjc 

Resnlts. In the first e.xperiment the mortal- 
ity rate was greatest in those animals receiv- 
ing the largest dose of carbon tetrachloride. 
Within a few days they appeared sickly; the 
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TABLE I. 

Effect of Carbon Tetraeliforide Intubation of the Weight of the Sc.x Accessories in the Male Bat ' 
(0.05 cc CCI 4 in 50% Alcohol Administered 3 X Weekly). 


Group 

No. 

Xo. of 
animals 

Puration of 
treatment, 
days 

Avg bodr- wt, 
g 

Avg sex acces. wt, 
mg 

Avg testis wt, 
mg 

1 

8 

0 

163 

845 

1841 

0 

G 

02 

160 

637 

1921 

3 

7 

43 

154 

390 

1663 

4 

7 

GO-80 

155 

278 

1840 

5* 

4 

88+40 

207 

476 

1586 


* In Group 5 carbon tetrachloride was administered for 88 days. The animals were then 
maintained for AO days without treatment before they were sacrificed. 


fur was rough; the backs were arched and 
they lost weight rapidly. IMost of these were 
sacrificed in order to obtain fresh ti.ssues for 
histologic study. The mortality among the 
other 2 groups was almost the same (approx- 
imately 20%) and only few of the surviving 
animals showed observable evidence of ill- 
ness. Liver necrosis appeared in the animals 
receiving 0.02S cc of carbon tetrachloride by 
the 19th day and by the 11th day in the 
0.05 cc group. Cirrhosis was present in the 
0.025 cc group by the 58th day and by the 
44th day in 0.05 cc group. The latter dose, 
therefore, produced maximum hepatic injury 
in the shortest time with no greater mortality 
than in the .025 cc group. 

The liver manifested a series of progressive 
architectural changes not unlike that seen in 
human cirrhosis, that is, cloudy swelling and 
fatty infiltration in early stages, followed by 
central necrosis of the lobule with attempts at 
healing in the longer term experiments. Fi- 
brosis, as well as gross nodularity was evident 
after 44 days of carbon tetrachloride feeding. 
In animals with more advanced liver failure, 
ascites was usually present. 

From the onset of carbon tetrachloride 
intubation the kidneys of all animals became 
pale in color and later took on a yellorvish 
cast. In the long term e.\-periments the color 
was usually a chocolate brown. The histologic 
picture was remarkably constant with an 
early cloudy or albuminoid swelling followed 
by more severe swelling of the cells and ac- 
companied by a coarsening of the reticulum 
and a clouding or granulation of the cyto- 
plasm. This persisted throughout the experi- 
ment and was nearly constant at all dosa-re 
levels. 


In the second experiment the pertinent 
data are given in Table I. The average weight 
of the sex accessories (including seminal ves- 
icles, coagulating gland, ampullary gland, and 
the lateral, dorsal and ventral lobes of the 
prostate) was 845 mg in the untreated ani- 
mals. After 22 days of treatment with 0.05 
cc carbon tetrachloride the average weight of 
the accessories was 637 mg or approximately 
a 25% decrease. After 43 days of treatment 
the average weight was decreased by 53% to 
390 mg. The group receiving treatment for 
60 to 80 daj's showed accessories weighing 
only 278 mg, a 67% decrease below the un- 
treated controls. The final group treated for 
88 days and then maintained for 40 days 
without treatment before being sacrificed 
showed partial recovery in the weight of the 
accessories. In this group the accessories aver- 
aged 476 mg, a decrease of 44% below the 
controls and an increase of 70% over the 
group treated for 60 to 80 days and sacrificed 
immediately thereafter. 

Although there was striking atrophy of the 
sex accessories following liver damage by 
carbon tetrachloride, yet the results indicate 
that the testicles were not so greatly affected. 
There was great variation in testicular weight 
among animals of all groups and because the 
number of animals used was small the data 
given in Table I are not considered significant. 

Histologic examination of the testes revealed 
no striking architectural disorganization of the 
seminiferous tubules. Spermatogenesis was 
not greatly impaired in the majority of ani- 
mals. In only 2 of 32 testes e.xamined was 
marked testicular damage observed. This was 
indicated by absence of mature sperm and 
marked atrophy of spermatogenic cells. 
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Discussion. The data presented indicate 
that the oral administration of carbon tetra- 
chloride produces hepatic damage and results 
in atrophy of the secondary sex organs of the 
male rat as indicated by reduction of weight 
part of which ma}^ be accounted for by the 
atrophy of bled tissue and part by possible 
reduction in the amount of the secretions of 
these organs. This treatment causes no sig- 
nificant weight changes in the testes. Healing 
of the liver damage promptly follows with- 
drawal of the poisoning agent and is ac- 
companied by partial recovery of the weight 
of se.x accessory organs 40 days after cessa- 
tion of carbon tetrachloride administration. 

In e.\'plaining these data two possible hy- 
potheses suggest themselves; (1) that hepatic 
damage and sex accessory atrophy may be 
produced b\' the to.xicity of the carbon tetra- 
chloride and (2) that liver damage due to 
carbon tetrachloride may cause failure of 
hepatic inactivation of endogenous estrogens 
resulting in an increased level of circulating 
estrogens. 

In the first instance, it must be admitted 
that direct to.xic effects of carbon tetrachloride 
on the accessories have not been eliminated in 
these experiments. The atrophy of the sec- 
ondary sex organs may well be due to a direct 
toxic action of the poison in a manner similar 
to the damage produced in the liver. How- 
ever, it would be remarkable that such toxicity 
would affect only the accessory organs and 
not the testes, especially since the latter have 
been reported to be highly sensitive to no.xious 
agents. It is surprising that only 2 animals of 
32 examined show degenerative changes in 
the testes and no significant weight loss. The 
accessory organs, on the other hand, in all 
animals, e.xhibit a weight loss ranging from 
25 to 67% below untreated animals. If this 
atrophy is due to a direct toxicity of carbon 
tetrachloride, then these data suggest that in 
the doses employed, the poison affects the 
sex accessory organs preferentially and has 
little or no effect on the testes. A difference 
in threshold of these organs obtains some 
support from the findings of Simpson and 
Evans'" that the sex accessories are less re- 


sistant to androgen deprivation than the tes- 
ticular tubules. 

It should be pointed out also that in some 
unpublished experiments carried out in this 
laboratory in which hepatic damage was in- 
duced in rats by a low protein diet (4% 
casein with vitamin supplements), atrophy 
of the prostate and seminal vesicles was ob- 
served in the males. These results, without the 
use of a to.xic agent, were qualitatively similar 
to those after carbon tetrachloride feeding. 
It should be recognized, however, that de- 
ficiency diets, by interference with normal 
metabolism, may serve as toxic agents in 
themselves. 

A second possible e.xplanation, that liver 
damage induced by carbon tetrachloride feed- 
ing may prevent hepatic inactivation of endo- 
genous estrogens resulting in an increased 
level of circulating estrogens, may account 
adequately for the results reported here.t 
A high level of circulating estrogens, especially 
in the "free” form as suggested by Glass, Ed- 
mundson and Soil may induce secondary sex 
atrophy either by a direct inhibition of these 
organs or by inhibition of pituitary gonado- 
tropin secretion. This view is supported by 
the findings of Morrione'® that doses of estro- 
gens insufficient to produce testicular damage 
in normal rats resulted in severe testicular 
damage w^hen given to animals w'ith livers 
damaged by carbon tetrachloride feeding. He 
suggested that these low' doses w'ere effective 
only in the latter group of animals (wdth 
damaged livers) because circulating estrogen 
levels in them were increased. 

Healing of liver injury and recovery of the 
sex accessories following withdrawal of carbon 
tetrachloride feeding may be explained by 
either hypothesis. Withdrawal of the poison 

IT Simpson, M. E., Li, C. H., and Evans, H. M., 
Endocrin., 1944, 35, 96. 

t That circulating endogenous estrogens after 
hepatic injury are increased is supported by unpub- 
lished data from this laboratory in which bioassay 
showed approximately a thousand-fold increase in 
urinary estrogens excreted by female guinea pigs 
with carbon tetrachloride-damaged livers over that 
excreted by normal animals. 

ISMorrione, T. G., Arch. Path., 1944, 37, 39. 
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permits healing and recovery by removing 
the deleterious agent or by healing of the 
liver and a return to normal steroid metab- 
olism vrilh consequent inactivation of endo- 
genous estrogens. 

Summary. Pathologic changes in the liver 
and kidneys of male rats fed carbon tetra- 


chloride is described. Striking atrophy of the 
secondary' se.v organs but. no significant 
changes in weight of testes follows variable 
periods of carbon tetrachloride feeding. With- 
drawal of the poisonous agent results in heal- 
ing of the liver and partial weight recovery 
of the sex accessories. 
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Catheterization of the Coronary Sinus and the Middle Cardiac Vein 

in Man.* 


R. J. Bing, L. D. Vandam, F. Gregoere, J. C. Handelsman, W. T, Goodaee,! and 

J. E. Eckenhoff, 

From tJie Department of Surgery, the Johns HopJ.-tns University and Bospital, Baltimore, Md. 


K technique of intravenous catheterization 
of the coronary sinus has been developed 
recently in intact dogs by Goodale and Lubin,^ 
using the Cournand intravenous catheter." 
This method has been employed by Ecken- 
hoff and co-workers® to measure coronary 
blood flow, using the nitrous oxide method 
developed fay Kety and Schmidt for the 
determination of cerebral blood flow.* The 
procedure appears to be less hazardous than 
the method in intact dogs previously reported 
by Harrison and co-workers,® which involved 
the use of a brass balloon cannula. In a com- 
bined study of 20 different dogs,*-® as many 
as 7 catheterizations and 4 duplicate measure- 

* This study was supported hy a grant from the 
Commonwealth Fund and the Carolyn Strauss 
Fund. It is part of a joint project with the 
Department of Pharmacology, tTniTcrsity of Penn- 
sylvania, and the Army Chemical Center. 

t First Lt., Medical Corps, Al.U.S., Army Chem- 
ical Center, Maryland. 

1 Goodale, 'W. T., Lubin, M., and Banfield, Vf. G., 
in press. 

2 Cournand, A., Fed. Proc., 19i5, 4, 207. 

3 Eckenhoff, J. E., Hafkenschiel, J. H., Harmel, 
M., Goodale, W. T., EnbVn, M., and Kety, S. S., in 
press. 

-t Kety, S. S., and Schmidt, C. F., Am. J. Phpsiol., 
1945, 143, 53. 

5 Harrison, T. H., Friedman, B., and Bcsnick, 
H., Jr., Arch. Int. -If cd., 1936, 57, 927. 


ments of coronary flow have been performed 
on the same dog at monthly intervals. These 
developments suggested that a similar pro- 
cedure might be followed in the determination 
of coronary blood flow in man. This paper is 
a preliminary report of 9 successful catheter- 
izations of the coronary vessels in man. 

Methods. Most of the patients studied had 
congenital heart disease. Consequently, ca- 
theterization of the heart of these individuals 
was primarily undertaken to obtain informa- 
tion concerning the nature of the cardiac 
anomalies.®’"'® Only one subject, (No. 7, 
Table I), had a normal heart. For catheter- 
ization of the right heart the technique of 
Cournand® was followed, using standard No, 
7 catheters; Passage of the catheter into the 
coronary sinus or the middle cardiac vein 
was verified by (a) fluoroscopic control, 
(b) recording of pressures, and (c) deter- 
minations of blood o-xj'gen and carbon 
dioxide contents. It was assmned that 
the coronary sinus had been successfully in- 
tubated if the systolic pressures were below 
ventricular and above auricular sv'stolic pres- 

CBing, H. J., Vandam, h. D., and'craj^. D., 
Jr., Bull. Johns ffopl-ins Hasp., 1947, 80, 107. " 

* Ejug, B. J.j Vandam, B, D., and Gray, F, D., 
Jr., Bull. Johns jSophins Uosp., 1947, 80, 121. 

® Bing, F. J., Vaudam, B. D., and Gray, F, D,, 
Jr., Bull. J ohns BopTcins Bosp., 1947, 80, 323. ’ 
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TABLE I. 

Blood Gas Values Obtained from Catlieterization of Heart and Coronarj- Sinus. 

A-T oxygen difference 


No. 

Date 

Age, yrs 

Sex 

On content 
"E.A. 
vol. % 

0-. content 0., content 0 
B.V. ■ C.S. 

vol. % vol. % 

o content 
'F.A. 
vol. 9o 

Coronary 

F.A.-0,1 

O 

1 

Systenuc 
F.A.-Et. Heart 

1. 

5/31/46 

16 

M 

18.8 

18.5 

6.7 

22.9 

16.2 

4.4 

O 

7/ 2 

16 

M 

17.0 

18.0 

8.8 

22.0 

13.2 

5.0 

3. 

26 

17 

F 

18.1 

17.8 

8.3 

24.6 

16.3 

6.8 

4. 

31 

16 

M 

24.0 

24.9 

9.5 

28.2 

18.7 

4.2 , 

5. 

8/ 5 

14 

F 

15.2 

17.3 

6.3 

21.2 

14.9 

5.0 

6. 

2/14/47 

19 

F . 

9.5 

12.6 

5.5 

16.8 

11.3 

7.3 

7. 

5/ 2 

23 

F 

— 

13.4 

5.0 

16.2 

11.2 

2.8 

8. 

20 

11 

F 

14.9 

14.8 

5.2 

17.6 

12.4 

2.8 

9. 

23 

28- 

F 

18.3 

19.9 

8.9 

24.9 

16.0 

6.6 

H.A. 

R.V.- 

— Eight auricle. 

— Eight ventricle. 



C.S.- 

F.A, 

— Coronary 
, — ^Femoral 

sinus. 

artery. 




sures,” and if the oxygen contents of the sinus 
blood were significantly below those of return- 
ing mixed venous blood. ^ Under fluoroscopj^ 
the catheter enters the coronary sinus just 
below the region of the tricuspid valve, slight- 
ly medial, superior and anterior to the inferior 
vena cava. When the catheter is in the 
coronary sinus, it is seen curved upward 
toward the base of the heart. When the 
middle coronary vein is intubated, the catheter 
lies alongside the lower- borders of the heart 
with the tip directed toward the apex. In 
the first five cases intubation of these 
vessels was fortuitous. A similar e.xperience 
has been reported by others.^® In the 
remaining 4 cases, catheterization - of the 
sinus was carried out deliberately. Pressures 
were recorded with the Hamilton manometer.^ 
All gas analyses were performed with the 
manometric method of Van Slyke and Neill.*" 

9 Best and Taylor, 4th Edition, p. 278. 

10 Dexter, L., and Sosman, M. C., Eadiology, 
1947, 48, 441. 


■ ResttUs. 'Table I demonstrates that the 
o.xygen contents of coronary venous blood were 
significant!}' below --those, of both right auric- 
ular and ventricular blood. The difference 
between • the. oxygen contents of ' peripheral 
arterial blood, (and consequently of coronary 
arterial blood), and of coronary venous blood 
varied- from JJ.3 to -18.7 voJ %, while the 
total systemic arteriovenous oxygen-difference 
varied from 2.8-7.3 vol (Table I); In three 
cases in which pressures were recorded, the 
average blood pressure in the coronary sinus 
was 12 mm Hg. - 

Summary. The coronary sinus and- the 
middle cardiac vein of man has been'success- 
fully catheterized. Work is in progress to 
utilize this technique in the measurement of 
coronary blood flow in man. 

11 Hamilton, TV. F., Broener, G., and Brotman, I., 
Jm. J^. Physiol., 1934, 107 , 427. 

12 Van Slyke, D. D., and Neill, J. M., J. Biol. 
Chem., 1924, 61 , 523. 
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Effects of Dibenamine on Cardiovascular Actions of Epinephrine, Acetyl- 
choline, Pitressin and Angiotonin in Unanesthetized Dogs.* 

W. B. Youmans and V. M. Rankin. 

From the Department of PhtjsMogy, University of Oregon Medical School, Portland, Oregon. 


Nickerson and Goodman^ have described 
adrenolj'tic actions of N, N-dibenzyl beta- 
chloroethyl amine (Dibenamine). They found 
that the compound, when injected slowly intra- 
venously, produced minimal effects upon 
arterial blood pressure and,- within 30 min- 
utes after the injection,, the. pressor action of 
epinephrine was blocked in some species and 
reversed in others. The effects of stimulating 
various excitatory adrenergic nerves and the 
excitatory actions of epinephrine upon various 
effectors were prevented by Dibenamine. On 
the other hand,- the inhibitory actions of 
epinephrine upon the non-pregnant cat uterus 
in situ and on the isolated small intestine of 
the rabbit -and rat were not prevented by 
Dibenamine. They also observed that larger 
doses were required to block the effects of 
stimulating excitatory adrenergic nerves than 
were required -to- block the excitatory effects 
of injected epinephrine.' Cardio-accelerator 
actions-of epinephrine were not blocked by 
Dibenamine; 

The present study "is concerned principally 
with the cardiovascular actions of Dibenamine 
and with its effects upon the cardiovascular 
responses to epinephrine, acetylcholine, pitres- 
sin, and angiotonin in unanesthetized dogs. 

Methods. Unanesthetized animals were 
trained to lie quietly on the table while a 
needle was kept in place in the radial vein. 
Heart rate was determined by counting the 
apex beat and from continuous electrocardio- 
graphic records taken during injection of the 
4 test compounds. In one animal the spinal 
cord had been transected 24 hours previously 
and blood pressure was recorded from the 
femoral artery by the use of a mercur>' ma- 
nometer. 

* Aided by a grant from tlie .Tolm and Jklary B. 
M.arkle Foundation. 

r Nickerson, M., and Goodman, Xi., .T, Pharm. and 
Exp. Thcrap., 1947, 89, 1G7. 


N, N-dibenzyl beta-chloroethyl-amine hj^- 
dro-chloride was prepared for injection by dis- 
solving 200 mg in approximately 15 cc of 
propylene glycol, and this was diluted tvith an 
equal amount of water. Injection of the solu- 
tion was started within 2 to 5 minutes after 
preparation, and a period of 5 to 20 minutes 
was required to give the animal the total 
dose of 200 mg. 

Seven dogs weighing between 9 and 13 
kg were used. Six of these w'ere intact, 
and one had the spinal cord transected. The 
effects of test doses of epinephrine, acetyl- 
choline, pitressin, and angiotonin upon heart 
rate were recorded before and at stated in- 
tervals • after administration of Dibenamine. 
During each series of injections a needle was 
placed- in the radial -vein and kept open by 
injecting small- amounts of isotonic saline.-At 
the desired time ■ a syringe • containing" the 
exact amount of the compound to be admin- 
istered was substituted for the syringe con- 
taining saline and the compound was injected 
rapidly, .‘\mple time was allo-wed for return 
of the heart rate to the resting level between 
injections. 

Results. A. Effects oj Dibenamine on heart 
rate. Dibenamine alone caused an increase in 
heart rate in each of the 6 intact animals. 
The maximal increase above the basal rate 
ranged from 46^ to and it occurred in 
10 to 25 minutes from the beginning of the 
injection. Usually the rates returned to the 
resting level within one to 3 hours. 

B. Effects of epinephrine on heart rate be- 
fore and after Dibenamine. Continuous electro- 
cardiographic records were obtained during 
the test dose of epinephrine (2 cc of a 1-100,- 
000 dilution) in 4 dogs before and after ad- 
ministration of Dibenamine. The averages of 
the rates for the 4 animals are graphed in 
Fig. 1. 

The test dose of epinephrine produced a 
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maximal decrease in rate of 45% to 57% 
in the 4 intact animals, before Dibenamine. 
Since the direct influence of epinephrine upon 
the sino-auricular node is excitatory, this 
bradycardia is best e-xplained on the basis of 
reflex effects elicited by a rise in blood pres- 


Three hours after Dibenamine had been 
administered the average heart rate was 19 
beats per minute slower than the average o 
the control rates. At this time the test dose 
of epinephrine produced an acceleraUon of 
97% to 208% above the rate preceding the 
injection. Acceleration was clearly evident 
within 20 seconds after the injection of epine- 
phrine and progressed smoothly to a plateau 
at about SO seconds. It was still mamtaineo at 
75 seconds. The effects of epinephrine on the 
heart rate 24 hours after Dibenamine were 
similar to the effects seen 3 hours after Di- 


inamine. ^ ^ j 

The reversal of the effect of the test dose 
^ epinephrine on the heart rate of unanes- 
letized animals by Dibenamine may be 
■adily explained if it rs considered that 
Jnephrine causes a fall in blood pressure 


direct accelerator influence of epinephrine and 
the reflex accelerator influence of the fall in 
blood pressure. This interpretation is sup- 
ported by the observation that in an unan- 
esthetized animal, with spinal cord tran-' 
sected at T 12 so that blood pressure could 
be recorded from the femoral artery, injec- 
tion of the test dose of epinephrine, after the 
animal had been given Dibenamine, caused 
an immediate fall of 50 mm of mercury in the 
mean arterial blood pressure. Animals under 
the influence of Dibenamine also character- 
istically showed much greater respiratory 
stimulation- after the epinephrine injection 
than was, seen in the unmedicated animals. 
Presumably, this respiratory stimulation is 
elicited reflexly from the fall in blood pressure. 

The striking cardiac acceleration in response 
to epinephrine after Dibenamine would seem 
to.indjqate that the cardiac effects of epine- 
phrine or of cardio-accelerator nerves are 
not blocked. However, a large part of this 
acceleration could be on the basis of decreased 
tonus of cholinergic cardio-inhibitory nervK. 

C. Effects 0 } Dibenamine on the cardio- 
accelerator response to acetylcholine. The 
brief hypotension produced by intravenous 
injection of acetylcholine elicits a typical 
cardio-accelerator response. The acceleration 
is due largely to reflex activation of adrener- 
gic nerves and to liberation of epinephrine 
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from the adrenal medulla." Five animals V7ere 
triven a test dose of 1 mg of acetylcholine 
at 3 hours and again at 24 hours after the 
administration of Dibenamine. In Fig. 2 a 
curve is shown which illustrates the average 
of the cardio-accelerator responses to the test 
dose of acetylcholine in 23 animals. The 
other 2 curves in Fig. 2 illustrate the averages 
of the cardio-accelerator response to acetyl- 
choline in 4 animals at 3 hours and at 24 hours 
after Dibenamine. The degree of acceleration 
was at least as great after Dibenamine ^ 
before. In both the normal animals and in 
those under the influence of Dibenamine, the 
maximum increase in heart rate in response 
to acetylcholine occurred at 25 seconds. In 
the normal animals the rate fell off rapidly, 
to reach a resting level within 50 to 60 sec- 
onds, but in the animals under Dibenamine 
the return to the resting level was quite 
delayed. The persistence of the fast rate 
would indicate that Dibenamine interferes 
with the restoration of the blood pressure to 
the normal level after a test dose of acetyl- 
choline. This result is compatible with the 
interpretation that vasoconstrictor mecha- 
nisms are impaired by Dibenamine while 
cardio-accelerator mechanisms are relatively 
intact. 

D. Ejects oj Dibenamine upon the cardio- 
inhibitory response to pitressin and angio- 
tonin. The effects of Dibenamine on the pres- 

2 yonmans, tV, B., Aiimaim, K., Haney, H., and 
Wj-m.-i, F., Am. J. Fhysiot., 1940, 128, 4G7, 


sor actions of pitressin and angiotomn were 
tested in 3 dogs which had received sodium 
pentobarbital. At the time when the pressor 
action of epinephrine was reversed, there was 
no interference with the pressor actions of 
either pitressin or angiotonin. In one animal 
under sodium pentobarbital, neurogenic hyper- 
tension was produced by sino-aortic denerva- 
tion. When Dibenamine was injected in this 
animal, it produced a profound fall in blood 
pressure. 

In unanesthetized dogs pitressin and angio- 
tonin produce a pronounced reflex brady- 
cardia during the rise in blood pressure 
resulting from their vasoconstrictor action.^ 
If the vasoconstrictor action of these com- 
pounds is not blocked by Dibenamine, they 
would be expected to produce the typical 
cardio-inbibitory response. The effects of a 
test dose of pressor units of pitressin 
before and after Dibenamine were studied in 
4 dogs, and the effects of a test dose of 20 
pressor units of angiotonin were studied in 3 
dogs. The averages of the cardio-inhibitory 
responses to pitressin in 4 dogs at 3 hours and 
at 24 hours after Dibenamine are shown in 
Fig. 3, and these are compared with a curve 
showing the averages of 14 normals. The 
results of a typical experiment with angio- 
tonin are graphed in Fig. 4. 

From these results it is evident that Dibena- 

3 Haney, H. F., Lindgren, A. J., Karstens, A. I., 
and Youmans, W. B., Am. J. FhysioJ., 1943, 13S), 
C7o. 
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mine does not alter the cardio-inhibitory re- 
sponses produced by the injection of pitressin 
and angiotonin. This would indicate that, as 
in the anesthetized animals, Dibenamine does 
not impair the vasoconstrictor actions of these 
compounds. 

Summary and Conclusions. The actions of 
Dibenamine on the cardiovascular adjust- 
ments caused by epinephrine, acetylcholine, 
pitressin, and angiotonin have been studied 
in unanesthetized dogs. Dibenamine produced 
an increase in heart rate which persisted for 
one to 3 hours. 


A test dose of epinephrine which regularly 
caused reflex cardiac slowing in normal un- 
anesthetized dogs produced severe cardiac 
acceleration after administration of Dibena- 
mine. This acceleration is attributable to the 
direct stimuIatory'^ action of epinephrine on 
the sino-auricular node and to refle.x accelera- 
tion from a fall in blood pressure. 

The compensatory cardiac acceleration 
produced by injection of a test dose of acetyl- 
choline was undiminished and prolonged in 
unanesthetized animals under the influence of 
Dibenamine. This result is compatible with 
the interpretation that the vasoconstrictor 
mechanisms are impaired while the cardio- 
accelerator mechanisms are relatively intact. 

The severe cardiac inhibition produced by 
pitressin and angiotonin in unanesthetized 
dogs, which is attributable to refle.xes elicited 
by the rise in arterial blood pressure subse- 
quent to vasoconstriction, was not prevented 
b,v Dibenamine. 

The results of these experiments on un- 
anesthetized dogs are in accord with the 
interpretations of Nickerson and Goodman^ 
concerning the sites of action of Dibenamine. 
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Diabetogenic Effect of Two Synthetic Estrogens in Force-Fed, Alloxan- 

Diabetic Rats. 


Dwight J. Ingle and John A. Hogg. 

From {he Kcscarch LaVoraioric.9, The Vpjohn Company, Kalaviar:oo, Mich. 


Ingle^ has reported on the diabetogenic 
effect of diethylstilbestro), dihydrostilbestrol, 
estradiol and equilin in the force-fed, partially 
depancreatized rat. IMore recently it ivas 
shown by Ingle, Nezamis and Prestrud- that 
diethylstilbestrol will intensify the glycosuria 
of rats having alloxan diabetes when the food 
intake is kept constant by forced feeding. 
The present study was a partial test of the 
hypothesis that compoun ds whi ch me estro- 


2 51; D. i., J. E., and Prestrud, 

jr. C, Endocrinology, 1941, “H, -Oo- 


genic are also diabetogenic in the rat. Sub- 
stance I (2,4-difp-b}'dro.\'ypben.vl]-3'ethyl 
hexane) was described by Blanchard, Stuart 
and Tallman® and Substance II (1,2-dimethyl- 
2-carbDxy-7-methoxy - l,2,3,4,9,10-he.\abydro- 
phenathrene) was described by Hogg."* 

Each of these two compounds belongs to a 
chemically different series of synthetic estro- 
gens than any of the substances which have 
previously been examined for diabetogenic 

a Blajiclifird, E. IV., Stuart. A. H., .'ijid TuUniaii, 
B. C., Endocrinology, 1943, 32, 307. 

Hogg, J. A., .T. Am. Chem. Soc., in prp.'ss. 
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activity. Each compound was found to in- 
tensify the glycosuria of the alloxan-diabetic 
rat. 

Methods. Male rats of the Sprague-Dawley 
strain were maintained on Purina Dog Chow 
until they reached a weight of 310 g. They 
were then fed a medium carbohydrate diet 
made according to Table I. During the ad- 
ministration of alloxan all of the rats ate the 
diet ad libitum. Alloxan was injected sub- 
cutaneously in doses of 25 mg every other 
day until glycosuria appeared. After a dia- 
betic state was established the animals were 
placed in metabolism cages and were force-fed 
by stomach tube each morning (8:30 to 9:15 
a. m.) and afternoon (4:15 to 5:00 p. m.). 
The techniques and the diet were modifications 
of those described by Reinecke, Ball and 
Samuels."’ During the period of adaptation to 
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TABLE I. 

Composition of Eluid Diet. 

Constituent 

Cellu flour (Chicago Dietetic Supply) 

120 g 

Osborne and !Mendcl salt mixture 

40 

Dried yeast (Pabst) 

100 

Wheat germ oil 

10 

Cod liver oil * 

10 

M?zola oU 

200 

Vit. K (2-incthj-l-l-4-naphthaquinone) 

100 mg 

Casein (Labco) 

160 

Starch 

200 

De.xtriii 

190 

Sucrose 

200 

Egg albumin (Merek) 


Water to make total volume of 

2000 cc 


forced feeding, the amount of diet was in- 
creased gradually to prevent the development 
of “food-shock.” The animals were brought 
to a full feeding of 26 cc of diet per rat per 
day on the fifth day. 

The animals were maintained in an air- 
conditioned room in which the temperature 
was maintained at 74-78°F and the humidity 
at 30-35% of saturation. Twenty-four-hour 
samples of urine were collected at the same 
hour (8:00 to 8:30 a. m.) and were preserved 
with thymol. Urine glucose was determined 
by the method of Benedict.® 

The estrogens were made up in vegetable 
oil solution and were each given by sub- 
cutaneous injection once daily in a volume 
of 0.1 cc. Substance I (Schieffelin) was pur- 
chased on the market. Substance II was 
prepared by one of us (JAH) by laboratory 
synthesis. 

Experiments aitd Results. Twelve rats hav- 
ing mild alloxan diabetes were used in these 
experiments. The animals were observed for 
a period of 3 to 4 weeks before the tests 
of the estrogens were started. In experiment 
1, 6 rats were injected with 0.01 mg of 
Substance I per day for 7 days. Two of the 
rats were free from glycosuria during the con- 
trol period. Five of the 6 rats responded to the 
injections of Substance I by an increase 
in the level of urinary glucose. When the in- 
jections were stopped the level of glycosuria 

“Tieinecke, B. H. A., and Samuels, 

L. T., Peoo. Soo. Exp. Bion. and Med., 1939 , 
41, 44. 

GBeaediet, S. E., A. M. A., 1911, S7, 1193, 


decreased. The sixth rat did not e.xcrete glu- 
cose during any phase of the experiment. 

In Experiment 2, 6 rats were injected with 
0.01 mg of Substance II per day for 7 days. 
Three of the rats were free from glycosuria 
during the control period, but all of the ani- 
mals show'ed a significant increase in urinaiy 
glucose during the injection period. When the 
injections were stopped the gl)'cosuria de- 
creased in all of the animals and disappeared 
entirely in 4 of the 6 animals. 

The data on urinary glucose are summar- 
ized in Fig. 1. 

Discussion. The results of these experi- 
ments support our tentative hypothesis that 
compounds which are estrogenic also have 
the propert}"- of intensifying the glycosuria of 
mildlj’^ diabetic, force-fed rats. Other hormonal 
substances, especially those of the adrenal 
cortex and the anterior pituitary, are dia- 
betogenic in the rat although they lack estro- 
genic activity. Of the polycyclic compounds 
which have been tested, only those having 
estrogenic activity or those having adrenal 
cortical activity have been found to be dia- 
betogenic. The mechanism of diabetogenic 
activity in these compounds and its relation- 
ship to the role of the hormones in body 
economy are unknown. 

These data are relative to the conclusion 
of Janes and Daw'son" that estrogens are not 
diabetogenic in the rat and support the find- 
ings of Ingle, Nezamis and Prestrud- who 
found that diethylstilbestrol does intensify the 
glycosuria of the alloxan-diabetic rat Just as 
in the partially depancreatized rat (Ingle^). 
There are two essential conditions for the 
exacerbation of diabetes by estrogens in the 
rat. First, the test animal should be mildly 
diabetic rather than severely diabetic. Second, 
the food intake must be sustained by forced 
feeding, otherwise the diabetogenic effect of 
the estrogen may be partially or completely 
masked by the concomitant decrease in vol- 
untary food intake. These essential conditions 
were not observed in the study by Janes and 
Dawson 

Summary. Male rats having mild alloxan 

~ Janes, E. G., and Dawson, H., Endocrinology, 
1946, 38, 10. 
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diabetes vcexe. used as test animals in this 
study. They were iorce-ied a medium carbo- 
hydrate diet. Two sjmthetic estrogens were 
tested, each of which represents a chemically 
different series of compounds than have pre- 
vioush'- been tested for diabetogenicitiL Sub- 
stance I was 2,4-di(p-hydrox3T>henyl)-3-ethyl 
hexane, and Substance II was 1,2-dimethyl- 
2-carbox}'-7-methoxj' - 1,2, 3,4,9, 10-hexahj^dro- 


phenathrene. Substance I caused exacerbation 
of the diabetes in 5 out of 6 test animals. The 
sixth rat did not have a spontaneous glyco- 
suria and failed to respond to the estrogen. 
Substance II intensified the glycosuria in all 
6 test animals and appeared to be the more 
potent of the two compounds. Whm the in- 
jections were stopped the glycosuria de- 
creased to its pre-injection level or below. 
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BAL Inhibition of Mercurial Diuresis in Congestive Heart Failure.” , 

R.'kEPH M. SussxiAN AND Jeroxie A. ScHACK. (Introduced by E. H. Fishberg.) 
From the Medical Service of Belli Israel Sospiial, Xcw Yorl: City. 


This study was undertaken to evaluate the 
effect of 2,3 dimercaptopropanoF (dithiopro- 
panol), — commonly known as British Anti- 
lewisite or B.AL — upon the diuresis induced 
by the organic mercurials with the view of 
gaining further information regarding the 
mechanism of mercurial diuresis, as well as 
controlling some of the untoward sensitivity 
reactions"'^ encountered when these substances 
are employed. 1 - (methoxj' - oxi-mercuri - 
propyl) - 3 - succinylurea — generally known 
as ilercuhydrin — which contains 39 mg of 
mercury in organic combination with 48 mg 
of theophyllin per cc of aqueous solution, was 
the sole mercurial studied. The preparation 
known as B.AL in oil (10% 2,3 dimercapto- 
propanol in benzyl benzoate and peanut oil) 
was used. 

The subjects selected were cardiac patients 
in chronic congestive failure who were known 
to respond to organic mercurial injection with 

* Work done under a grant from the Joseph and 
Helen ye.amans Levy Foundation in memory of 
Miriam I/Cvy Finn. 

1 Peters, E. A., Stocken, L. A., and Thompson, 
E. H. S., Mature, ISto, 156, 61G. 

- Brown, G., Friedfeld, L., Kissin, M., Modell, 
W., and Sussman, Ealph M., J. Am. Med. Assn., 
1942, 119, 1004. 

3 Long, W. K,, and Faran, A., Science, 1946, 
104, 220. 


diuresis and weight loss. The e.xperience with 
7 patients comprises this report. Five patients 
had hypertensive arteriosclerotic heart disease; 
one was a rheumatic cardiac and the other 
suffered from heart failure of undetermined 
etiology. Regular sinus rhythm was present in 
6 of 7 of these subjects at the time of the 
study. 

So far as feasible, the patients were main- 
tained on the usual therapeutic cardiac regi- 
men consisting of incomplete bed rest, salt- 
poor diet, containing less than 2 g of NaCl 
in 24 hours, no fluid restriction, and in most 
instances the administration of some digitalis 
preparation. 

When it appeared that they had attained a 
relatively constant weight under such manage- 
ment, B.AL in oil was introduced for a period 
of 24 to 36 hours. It was administered intra- 
muscularly every 6 hours in doses of 2.5 mg 
per kilo of body weight, .-^fter receiving BAL 
in oil for 24 hours, hlercuhydrin was injected 
intramuscularly in 2 cc doses. The BAL in 
oil was then continued for a period of 12 
hours. 

Table I contrasts the weight changes oc- 
curring in patients receiving B.AL in oil 
for about 24 hours, prior to the administra- 
tion of iMercuhydrin with those who received 
the mercurial onl\'. 

The individaul weight loss 4S hours after 
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TABLE I. 

Composition of Fluid Diet. 

Constituent 

Cellu flour (Chicago Dietetic Supply) 

120 g 

Osborne and Jfendel salt mixture 

40 

Dried yeast (Pabst) 

100 

TVlicat germ oil 

10 

Cod liver oil ‘ 

10 

Mozol.i oil 

200 

Vit. K (2-mcthyl-l-4-naphthaquinoue) 

100 mg 

Casein (Labco) 

160 

Starch 

200 

Dextrin 

190 

Sucrose 

200 

Egg albumin (Merck) 


'iVater to make total volume of 

2000 ee 


forced feeding, the amount of diet -was in- 
creased gradually to prevent the development 
of “food-shock.” The animals were brought 
to a full feeding of 26 cc of diet per rat per 
day on the fifth day. 

The animals were maintained in an air- 
conditioned room in which the temperature 
was maintained at 74-78°F and the humidity 
at 30-35% of saturation. Twenty-four-hour 
samples of urine were collected at the same 
hour (8:00 to 8:30 a. m.) and were preserved 
with thymol. Urine glucose was determined 
by the method of Benedict.® 

The estrogens were made up . in vegetable 
oil solution and were each given by sub- 
cutaneous injection once daily in a volume 
of 0.1 cc. Substance 1 (Schieifelin) was pur- 
chased on the market. Substance II was 
prepared by one of us (JAH) by laboratory 
synthesis. 

Experiments and Results. Twelve rats hav- 
ing mild alloxan diabetes were used in these 
experiments. The animals were observed for 
a period of 3 to 4 weeks before the tests 
of the estrogens were started. In experiment 
1, 6 rats were injected with 0.01 mg of 
Substance I per day for 7 days. Two of the 
rats were free from glycosuria during the con- 
trol period. Five of the 6 rats responded to the 
injections of Substance I by an increase 
in the level of urinary glucose. When the in- 
jections were stopped the l evel of glycosuria 

“I^eeke, ErMTs^l, H. -A-., and Samuels', 

L. T., Peoc. Soo. Exf. Biol, and AIed., 1939, 

"‘^cSnedict, S. K., /. K. 1911, 57, 1193. 


decreased. The sixth rat did not excrete glu- 
cose during any phase of the experiment. 

In Experiment 2, 6 rats were injected with 
0.01 mg of Substance II per day for 7 days. 
Three of the rats were free from glycosuria' 
during the control period, but all of the ani- 
mals showed a significant increase in urinary 
glucose during the injection period. When the 
injections were stopped the glycosuria de- 
creased in all of the animals and disappeared 
entirely in 4 of the 6 animals. 

The data on urinary glucose are summar- 
ized in Fig. 1. 

Discussion. The results of these experi- 
ments support our tentative hypothesis that 
compounds which are estrogenic also have 
the property of intensifying the glycosuria of 
mildly diabetic, force-fed rats. Other hormonal 
substances, especially those of the adrenal 
cortex and the anterior pituitary, are dia- 
betogenic in the rat although they lack estro- 
genic activity. Of the polycyclic compounds' 
which have been tested, only those having 
estrogenic activity or those having adrenal 
cortical activity have been found to be dia- 
betogenic. The mechanism of diabetogenic 
activity in these compounds and its relation- 
ship to the role of the hormones in body 
economy are unknown. 

These data are relative to the conclusion 
of Janes and Dawson*^ that estrogens are not 
diabetogenic in the rat and support the find- 
ings of Ingle, Nezamis and Prestrud- who 
found that diethylstilbestrol does intensify the 
glycosuria of the alloxan-diabetic rat just as 
in the partially depancreatized rat (Ingle^). 
There are two essential conditions for the 
exacerbation of diabetes by estrogens in the 
rat. First, the test animal should be mildly 
diabetic rather than severely diabetic. Second, 
the food intake must be sustained by forced 
feeding, otherwise the diabetogenic effect of 
the estrogen may be partially or completely 
masked by the concomitant decrease in vol- 
untary food intake. These essential conditions 
were not observed in the study by Janes and 
Dawson.'^ 

Summary. Male rats having mild alloxan 

T Janes, E. G., and Dawson, H., Endocrinology, 
1946, S8, 10. 
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Isolation of Western Equine Encephalomyelitis Virus from Tropical Fowl 
Mites, Liponyssus bursa (Berlese).^ 

S. Edward Sulkik and Ernest M. Izmn. 

From ihe Department of Bacteriology and Immunology and the Virus Bcsearch Lahoratory, 
Southwestern Medical College, Dallas, Texas. 


At the present time the exact mode of trans- 
mission of western equine encephalomyelitis 
is far from established, and the mechanism 
by which the causative agent persists from 
year to year in a given area has not been 
fully explained. Numerous attempts have been 
made to determine reservoir hosts and vectors 
of the disease. Hammon and his associates’ 
demonstrated that a large per cent of both 
domestic and wild birds possess neutralizing 
antibodies for this virus suggesting that the 
reservoir host might be one closely associated 
in some manner with domestic fowl. It seemed 
likely, as pointed out by Smith and her 
associates,- that some blood-sucking vector 
which does not necessarily bite man was 
transmitting the disease to fowl. These in- 
vestigators recently reported the isolation of 
the St. Louis encephalitis virus from naturally 
infected chicken mites, Dermanyssns gallinac 
(DeGeer), in the St. Louis area where the 
disease is endemic. Later, they reported sev- 
eral additional isolations from chicken mites, 
and demonstrated transovarian transmission 
of the virus from naturally infected female 
miles.’’ Shortly thereafter. Sulkin’ reported 
the isolation of the Western equine virus from 
naturally infected chicken mites in the Dallas 

* Tins invesUgation was aided Viy a grant from 
ttie Rose Lampert Graff Foundation, Los Angeles, 
California. 

1 Ilaininon, AV. JfcD., Lundy, It. W., Gray, J. A., 
Evans, F. C., Bang, P., .and .Izumi, E. il., J. Im- 
munol., 1042, 44, (j; Hammon, W. JfeD., Beeves, 
W. C., and Irons, ,1. V., Tcra-r Bep. Biol, and Med., 
1044, 2, 36C. 

^ Kmith, M. G., Btattner, R. J., and Hevs, P, M., 
Science, 1044, 100, 3G2. 

•I Smith, M. G., Blattner, R. J., and Ucys, P. M., 
Froc. Soc. Exp. Biol, .vkd Med., 1045 ’so, 1.10; 
d. Fxp. Med., 104G, 84, 1. 

•I .Snlkin, S. E.. Science, 1043, lOl SSI. 


area during the epidemic year of 1944. Dur- 
ing the following non-epidemic year additional 
attempts to demonstrate this virus in chicken 
mites and fowl ticks collected in this identical 
locality and other areas in Texas, were un- 
successful. Numerous attempts by Hammon 
and his associates® to demonstrate virus in 
this ectoparasite have been negative. Since 
the possible role of the chicken mite in the 
transmission and effective perpetuation of 
the virus encephalitides is not yet clarified, it 
was considered desirable to continue the 
search for a reservoir among other avian 
blood-sucking ectoparasites. 

Recently Reeves and his collaborators® 
reported recovery of the Western equine virus 
from wild bird mites, Liponyssus sylviarum 
(Canestrini and Fanzago), in Kern County, 
California. The present report ’concerns an 
additional isolation of the Western equine 
virus from similar mites collected in Dallas 
County, Texas from a nest containing two 
live nestling English sparrows. Passer doniest- 
icus (Linn.).t The nest was brought into the 
laboratory on July 9, 1947. A layer of white 
absorbent cotton was placed over the top, 
and the entire nest was then placed in a 
covered glass container. On the following 
day, mites identified as Liponyssus bursa 
(Berlese),t were collected from the cotton 
and- the underside of the lid, and were tested 

3 ILimmon, IV. McD., and Reeves, IV. C., Am. J. 
Pul. Health, 1943, 35, 994. 

« Beeves, IV. C., Hammon, IV. McD., Furman, 
D. P., McClure, H. E., and Brookmaii, B., Science, 
1947, 105, 411. 

t The authors are indebted to Dr. E. P. Chcatum, 
Department of Biology, Southern Methodist Uni- 
versity, for confirming the identifications, and to 
George L. Carpenter, Tyjihus Control Supervisor, 
United States Public Health Service, for collecting 
specimens for study. 
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. TABLE I. 
Weight Change. 


BAL with Mercurial Mercurial 


Subject 

24 hr 

48 hr' 

24 hr 

48 hr' 

J.B. 

— % 

-t- % 

— 31A 

—514 

S.S. 

-1- Ve 


—414 

—3% 

H.G. 

0 

-1-1 

—4 

—3% 

E.G. 

— Va 

— % 

—314 


F.S. 

— % 

— % 

—2% 

—3% 

G.N. 

0 

-f 1 

—3% 

—294 

N.E. 

— % 

+1 

—m 

—314 

Avg 

— Vi 

4 - % 

-3% 




the administration of the mercurial, alone, 
was somewhere between 2J4 and SJ4 lb, 
whereas, patients receiving BAL in oil with 
the mercurial, in most instances gained 
weight, only 2 having lost lb or less. 

Some observations made by var 3 dng the 
period of BAL administration preliminary to 
mercurial injection indicate that at least 
4 doses of 2.S mg per kilo body weight 
injected at intervals- of 6 hours must be 
given prior to- the introduction of the 2 cc 
of the mercurial in order to inhibit diuresis 
completely. It is also evident from this in- 
vestigation that within 48 hours after the 
last injection of BAL in oil, diuresis can 
again be anticipated from- another adequate 
injection of mercurial. Patients who were ob- 
served for several days following the cessation 
of BAL in oil injections displayed no evi- 
dence of diuresis from the mercurial admin- 
istered simultaneously with the dithiopro- 
panol. It may, therefore, be concluded that 
BAL in oil completely annuls the diuretic 
actioiL -oL. the. jnercury. and- does not merely 
delay it. 

Notes made on the side-reactions exper- 
ienced with BAL in oil coincide with earlier 
pharmacologic observations. Thus, transient 
rise in blood pressure, local reaction, nausea, 
vomiting, warmth, paraesthesias and chill 
were all observed.^ 

In 2 hypertensive patients, alarming eleva- 
tion of systolic and diastolic blood pressures 
coincided with the administration of BAL in 
oil and persisted for at least 4_ hours. In one 
patient the symptoms were interpreted as 

4Modell, Walter, Goia,~^arry, and Cattell, 
McKeen, J. Clin. Invest., 1946, 3o, 480. 


■ being, due to “hypertensive encephalopathy”.'^ 
Considerable local • pain was experienced 
,at the site of injection and the administration 
of 0.5 cc of 1% procaine in the syringe with 
each injection relieved one patient consider- 
ably without in any way diminishing the anti- 
diuretic effect of the dithiopropanol. 

No cases of organic mercurial sensitivity 
were available at the time of study,- so that 
no remarks regarding the response of such 
patients to BAL can be made. 

Unless differences in species reaction occur, 
it is thought that the mechanism of BAL in- 
hibition of mercury diuresis results from the 
formation of a stable mercury-thiol complex, 
binding free mercury, and that BAL is not, 
itself, an anti-diuretic substance. 

These findings further substantiate the 
notion that the diuresis from organic mercur- 
ials is due to the systemic effect of free 
mercury. 

Since this study was completed, an im- 
portant communication from Handley and La 
Forge has appeared and has established that 
BAL injected intravenously into dogs in- 
hibits mercurial diuresis in that animal.® 
Their findings in the normal dog are in com- 
plete accord with our observations in humans 
suffering from heart failure. 

Conclusions. 1. B.4L in oil completely 
annuls the diuretic effect of the organic mer- 
curial known as Mercuhydrin. 

2. A period of priming with BAL in oil 
was necessary to inhibit the diuresis com- 
pletely. 

3. Procaine may be added -to BAL in oil- 
without in any way affecting the anti-diuretic 
effect. 

4. BAL in oil may intensify pre-existing 
hypertension in the presence of heart failure. 

5 PisJjberg, A. M., Hypertension and nephritis, 
Cliapter X, Lea & Bcbiger, 4th edition, 282. 

« Barron, E. S. G., and Kalnitsky, G. (quoted by 
Longcope, W. T., and Luetsclier, J. A.), J. Clin. 
Invest., 1946, 25, 557. 

7 Gilman, Alfred, Allen, Roberta P., Philips, 
Frederick S., and St. John, Ellen, J. Clin. Invest., 
1946, 25, 549. 

a Handley, Carroll A., and La Forge, Mar- 
guerite, Peoc. Soc. Exp. Biol, axd Med., 1947, 

«5, 74. 



251 


16054 

Indoleacetic Acid and Growth of Bacteria with Varying Requirements for 
Nicotinic Acid and Tryptophane. 

Philtp akd Hexrv KAuik. 

From the Deportment of Diochemistryf Duhe University School of ^cdicinCf Durhcimj j\.C. 


An antagonism between indole-3-acetic 
acid, and nicotinic acid and/or tr\-ptophane, 
was suggested by the data of Kodicek, Carp- 
enter, and Harris^ as a possible explanation 
for the role of corn in the etiolog}' of pellagra. 
It was thought of interest to study the re- 
lationship between these compounds in certain 
bacteria whose nutritional requirements are 
relatively well known, and which can be 
grown in chemically defined media. 

The following organisms were selected 
(numbers in parentheses refer to American 
Tjpe Culture Collection listings): Requiring 
both nicotinic acid and trjqjtophane: Lacto- 
bacillus casci (7469), Strcptocococcus faecalis 
R (8043), and Lactobacillus arabinosus 17-5 
(8014). Shankman ct al., state^ that the 
nicotinic acid requirement of the latter organ- 
ism is abolished upon long incubation. Re- 
quiring nicotinic acid alone: Staphylococcus 
aureus: requiring neither: Escherichia colt 
and Acrobacter acrogcncs. 

After this work was initiated, Dubos^ 
reported that indoleacetic acid in concentra- 
tions of 0.01 to 0.10 mg/ml inhibited Myco- 
bacterium tuberculosis (Human strain), cer- 
tain streptococci, and Shigella paradysenteria 
(Sonnet grown in enzj-matic casein hydro- 
lyzate-yeast extract medium at pH 6.0. This 
inhibition was reported to be relie\'ed by con- 
centrations of added tryptophane ten times 
that of the inhibitor. 

Experimental. The lactic acid bacteria and 
5. aureus were grown on either the amino 
acid medium of Stokes ct al.,* with sodium 

1 KodiccI:, E., Carpenter, K. J., and Harris, L. J., 
The Zancct, 1946, 251, 491. 

2 Sbankman, S., Camien, H. X., Block, H., ilerri- 
licld, R, B., and Dnnn, il. S., J. Biol. Chem., 1947, 
1G8, 2S. 

a Dubos, R. J., Beoc. Soc. E.m Bior.. axd Mm., 
1946, 63, 317. 


citrate substituted for sodium acetate, or, 
in most cases, on the same medium with acid- 
hydrolyzed casein substituted for the amino 
acid medium. These variations produced no 
significant alteration in results. E. coli and 
Aerobacter acrogcues were grown on Mac- 
Leod's^ medium of glucose, ammonium sul- 
fate. asparagine, and salts. Following the ap- 
pearance of Dubos' report, a non-pathogenic 
strain of Mycobacterium tuberculosis (Amer- 
ican Tjps Culture Collection No. 607) was 
tested, using Long's sjmthetic medium. 

In all cases, indoleacetic acid, nicotinic acid, 
and trjptophane were adjusted to the pH of 
the respective media, and added as required. 
The medium was autoclaved following these 
additions. Except in the case of il/. tuber- 
culosis, where a small fragment of mycelium 
was employed for inoculation, the inoculum 
consisted of one drop of a saline suspension 
of organisms which had been washed with 
saline and then suspended in 2.5 times the 
original culture volume. 

For lactic acid bacteria, growth was meas- 
ured after 4S to 72 hours incubation at 37°C 
by titration with 0.1 N NaOH to pH 6.8 on 
a Berkman pH meter. Growth of M. tuber- 
culosis was measured, after either 3 or 6 days 
incubation, by filtering, washing, drjing, and 
weighing the mycelium. Growth of the other 
organisms was measured as turbidity (ex- 
pressed as optical density) in the Eveljm 
Photoelectric Colorimeter after 24 to 48 hours 
incubation. In none of these cases did varia- 
tions in incubation time significantly alter 
results. 

Results. The results of these experiments 
are indicated in Table I. Each indicated value 

■< Stokes, J. L., Gminess, M., Dwrer, I. M., and 
CasweU, M. C., ,7. Bio?. Chem., 1945, 160, 35. 

5 M-acLeod, C. M., J. Exp. Tied., 1940, 72, 217. 
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Western Equine Virus from Mites 


in 3 pools for the presence of a neurotropic 
virus. The three pools, each containing ap- 
pro-ximalely 300 mites (adults and nymphs), 
were aspirated into small vials as described 
elsewhere^ and allowed to remain overnight. 
Each pool was ground in a mortar with 2.0 
cc of nutrient broth, and then centrifuged at 
5000 r.p.m. for 15 minutes in an angle centri- 
fuge. Approximately 0.3 cc of the supernatant 
fluid, which was cultured aerobically and 
anaerobically, was injected intraperitoneally 
into each of 5 Swiss mice. Pool No. 1 was 
inoculated into S-day-old mice and pools 
No. 2 and No. 3 into 12-day-old mice. The 
supernatant fluids did not contain enough 
bacteria to affect the animals. An agent later 
identified as western equine encephalomyelitis 
virus was recovered from pool No. 1 and after 
4 serial passages in Swiss mice, filtration 
e.xperiments (Berkefeld N filter) were con- 
ducted with the pooled brains of mice showing 
neurological symptoms. Identification of a 
filterable agent of the sixth passage as the 
Western type of equine encephalomyelitis 
virus was made by neutralization tests with 
serum of rabbits immunized to known strains 
of Western and Eastern equine virus and St. 
Louis encephalitis virus. The virus recovered 
from the sparrow mites was neutralized by 
the Western equine immune serum but was 
not affected by the serum of rabbits im- 
munized to the Eastern strain of equine 
virus or the virus of St. Louis encephalitis. 
With each passage, before and after the 
filtration experiment, aerobic and anaerobic 
cultures were made and brain tissue from 
animals showing central nervous system symp- 
toms were e.xamined for histopathological evi- 
dence of encephalitis. Microscopic sections 
of a mouse and a guinea pig brain from the 
second intracerebral passage showed histo- 
pathological evidence characteristic of en- 
cephalitis. Pools No. 2 and No. 3 of mites 

7 Wisseman, C. Xj., Jr., and Sulkin, S, B., Am. J, 
Trap. Mea., 1947, 31 , 463. 


collected from the same source but injected 
into older mice yielded negative results. All 
attempts to isolate a filterable virus from 11 
additional pools of specimens of wild bird 
mites yielded negative results. .Additional 
attempts to demonstrate virus in chicken 
mites were likewise negative. Studies are still 
in progress to determine whether or not 
hereditary transmission of the Western 
equine virus in the chicken mite can he 
effected under e.xperimental conditions. Sim- 
ilar studies will also be made with the wild 
bird mite. 

Thus, in addition to the well documented 
evidence incriminating the mosquito in the 
transmission of western equine encephalo- 
mj'elitis,'’’^ it is becoming increasingly ap- 
parent that other blood-sucking arthropods 
may be concerned in the transmission of the 
virus of equine encephalomyelitis. 

Summary. The Western type of equine en- 
cephalomyelitis virus has been isolated front 
wild bird mites, Liponyssus bursa (Berlese), 
collected in the Dallas County, Texas area. 
At the present time the epidemiological role 
played by the wild bird mite and the chicken 
mite, Dcrmauyssjis gallinae (DeGeer), from 
which the Western equine virus had been 
previous^ isolated, is unknown. The purpose 
of this report is to emphasize the importance 
of virus isolations from similar bird mites 
in two widely separated areas. 

Addendum: Tw'o months after the AVestern 
equine virus was isolated from the tropical 
bird mites collected in Dallas County, the 
Eastern equine virus was recovered from a 
horse brain submitted to us from Jefferson 
County, Texas, where a widespread epizootic 
was occurring. This would indicate that both 
the Western and Eastern equine t3q3es of 
encephalomyelitis were active in Te.xas at 
about the same time. 


8 Hammon, W. MeB., Beeres, W. C., Broofanan, 
B., and Izumi, E. M., J. Inf, Bis.j 1942, 70, 263. 
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TABIiE ir. 

Effect of Indole.ieetie Acid on Grovrtii of Af. tuher- 
ciilosis. 


lAe 

T 

XA 

Growth 


BJg/ml 

nig/ml mg dried mycelium 

0 

0 

0 

.167 

0 

0 

O 

.144 

0 

O 

0 

.157 

ey 

0 

0 

.151 

»■> 

0 

o 

.167 

o 

o 

0 

.137 


no relationship to the nicotinic acid or trj-pto- 
phane requirements of the organism, and is 
not relieved, in the organisms studied, by 
either of the latter two substances. In fact, the 
organism most strongly inhibited by indole- 
acetic acid, Acrobacter aero genes, requires 
neither tryptophane nor nicotinic acid for 
growth. It is interesting to note that E. coU, 
for which stimulation by indoleacetic acid at 
levels up to one y/ml in a medium containing 
0.1 mg /ml of tryptophane has been reported,*' 
was unaffected by the lower concentration 
of indoleacetic acid used in this study, and 
was inhibited by the higher concentration. 
S. aureus showed no inhibition at the highest 
concentration of indoleacetic acid used. 

In certain cases, particularly L. arabinosus 
and L. casci, a stimulatory effect at 0.1 mg ■ ml, 
and sometimes at I mg ml. levels of indole- 
acetic acid was obsers-ed when the concentra- 
tion of tryptophane was limiting; this stim- 
ulation disappeared at adequate levels of 
tryptophane regardless of nicotinic acid con- 
tent. The latter organisms are not specific 
in their response to tryptophane,'-^ since in- 
dole and anthranilic acid have been reported 
to have tryptophane activity. However, in- 
doleacetic acid was stated to be inactive. It 
should be noted, however, that the latter 
studies'-" measured the response of these 
organisms to tryptophane derivatives in media 
completely devoid of tryptophane; it is pos- 
sible that indoleacetic acid may stimulate 
only in the presence of small amounts of the 
amino acid. 


0 Ball, E.. J. Pad.. 193S. 30. 559. 

” Snell. E. E., Arch. Piochem.. 1943. 2. 3S9. 
■-‘Greene, R. D., ami Bbck. A., .r. Piol. Chtr.u. 
1944. 155, 1. 


It is realized that Dubos obtained relief 
of inhibition at concentrations of added tryp- 
tophane 10 times that of inhibitor, and that- 
tbis ratio was not used in the present e.vperi-.- 
ments. Further, Dubos used a basal -medium 
already containing tryptophane in- the enzym- 
atic casein hydrolyzate and. yeast extract. 
Because of these facts, our results and those 
of Dubos are not strictly comparable. Since 
our inhibition was generally obtained with 
one mg ml of indoleacetic acid, using Dubos' 
ratio would not only have led to difficulties 
due to solubility, but would have produced 
such a high concentration of tryptophane as 
to make interpretation of results difficult. If 
a true metabolite-antagonist relationship 
exists between indoleacetic acid and nicotinic 
acid-tryptophane, it is a relatively unusual 
phenomenon that far greater concentrations 
of metabolite than of the antagonist are 
r^uired to relieve inhibition. This fact, as 
well as the lack of relationship between nico- 
tinic acid and tryptophane requirements of 
organisms and their susceptibility* to indole- 
acetic acid inhibition, tend to detract from 
the probability of a true metabolite-antagonist 
relationship, k recent report by Krehl, Car- 
valho, and Cowgill," failing to confirm the 
results of Kodicek ct al.^ should be noted. 
It would appear that a metabolite-antagonist 
relationship between indoleacetic acid and 
nicotinic acid or tryptophane is not an in- 
variably occurring biological phenomenon, 
nor is there any evidence indicating the 
mechanism of this reaction where it does 
occur. 

Summary and Conclusions. 1. A number of 
organisms whose tryptophane and nicotinic 
acid requirements are known were tested for 
possible inhibition by indoleacetic acid and 
reversal by nicotinic acid and tryptophane 
in chemically defined media. 

2. Esckcrichia colt, Lactobacillus arabinosus 
17-5. L. casci. Streptococcus jaccalis R. and 
Acrobacter aerogcncs were inhibited by con- 
centrations of indoleacetic acid of one mg/ml 
Occasionally slight inhibitions were notrf at 
0.1 mg - ml levels. 

9 Krelii, W. A., C.-inraiho. ATTnnd Cow^PlTGriL!^ 
Fed. Froc.. 1947, G, 413. 
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Indoi-eacetic Acid and Bacteriae Growth. 


Effect of Indolcaeetie Acid, ^Nicotinic Afid, and Tryptophane upon Ccrt.Tin Bacteri.*i, 


Growtlv with indicated concentrations • 
- of XA and T (mg/inl) 


E.\-p. 

Orgiinism ... No." 

lAc 

■■(mg/.ml) 

' T=0.3 
NA=:0.01 

T=0.3 

NA=10 

T=30 T=30 ' 

NA=0.01 NA=10 

Slrcpiococcits fivcntis H ■ 1 

0 

3.8 

5.5 

3.8 

5-4 

Growth measured as ml of 

0.1 

3.4 

5.3 

3.4 

5.2 

0.1 N NaOH 

1.0 

2.5 


2.5 

3.8 

O 

0 

4.8 

5.2 

3.3 

5.0 


0.1 

4.4 

5.0 

3.4 

4.9 


1.0 

3.6 

— 

— 

4.7 

3 

0 

2.7 

3.0 

3.5 

7.8 


0.1 

2.5 

2.8 

3.3 

5.7 


1.0 

2.4 

3.1 

3.1 

5.6 

4 

0 

2.4 

2.9 

3.5 

7.0 


0.1 

1.7 

2.6 

3.4 

6.4 


1.0 

2.0 

2.0 

2.7 

4.9 

LaclohaciUus nrahiiiosiis 17-5 (8014) 1 

0 

2-2 

2.7 

6.0 

8.2 

Growth me.asured ns ml of 

0.1 

2.6 

3.2 

5.8 

8.4 

0.1 N NaOH 

1.0 

2.7 

5.1 

4.2 

3.1 

2 

0 

2.0 

2.9 

3.2 

9.9 


0.1 

1.8 

3.0 

3.2 

10.1 


1.0 

2.4 

2.8 

1.4 

4.4 

iMctoiacillus casci (7409) 1 

0 

2.9 

2.9 

0.6 


Growth measured as ml of 

0.1 

3.1 

3.3 

6.3 

7.8 

0.1 N NaOH 

1.0 

— 

4.7 

4.0 

6.1 

2 

0 

2.6 

3.8 

5.1 

7.3 


0.1 

3.1 

3.8 

3.0 

7.5 


1.0 

2.8 

— 

1.0 

3.5 

Staphylococcus aureus 1 

0 

0.31 

0.30 

— 

0.31 

Growth measured ’as optical density 

0.1 

0.35 

0.39 

— 

0.41 


1.0 

0.31 

— 

— 

0.33 

2 

0 

0.28 

0.36 

0.33 

0.42 


0.1 

0.34 

0.37 

0.32 

0.40 


1.0 

0.30 

0.39 

0.32 

0.43 

Escherichia coU 1 

0 

0.18 

0.17 

0.15 

0.17 

Growth measured as optical density 

0.1 

0.18 

0.17 

0.17 

0.17 


1.0 

0.13 

0.10 

0.11 

0.12 

Aerohacter aerogencs 1 

0 

0.52 

0.52 

— 

0.51 

Growth measured as optical density 

0.1 

0.40 

0.53 

— 

0.50 


1.0 

0.13 

0.14 



0.14 

o 

0 

0.18 

0.16 

— 

0.23 


0.1 

0.17 

0.14 



0.17 


1.0 

0.10 

0.11 

— 

0.10 


lAe = ItidoJe-3-.acetic acid. 
T — i-tryptophane. 

NA — Nicotinic acid. 


for grotvth is based upon duplicate measure- 
ments. 

In addition to the data given in Table I, 
L. arabinosus was grown on the ba.sal medium 
supplemented with 1.0 mg/ml of nicotinic 
acid and I.O mg/ml of indoleacettc acid. 
Varying amounts of tryptophane, from 1 y 
to 1 mg/ml, were added, with no relief of 

inhibition. , . . 

In the case of M. tuberculosis, the results 


shown in Table II were obtained after 6 
days incubation. Similar results, at lower 
levels of growth, obtained after 3 days incu- 
bation. 

Discussion. From the results of these e.yperi- 
ments, it can be seen that although indole- 
acetic acid may act as an inhibitor at relative- 
ly high concentrations (1 mg/ml), and, some- 
times, to a smaller e.xtent, at concentrations 
of O.I mg/ml, this inhibition appears to bear 
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recovered in 6 rats tresled ■rrith HetraFaa tor 
5 davs waF 9i. ss compared 'svith 4S1 FTmcn 
■sras tne average number oi vrorms recovered 
la the untreated animals, 

Similarh- the average numbers oi larvae 
recovered irom the muscles ot the treated 
rats mere much less than those recovered from 
the untreated animals. 

Dsscusssot: end Summer}’. According to the 
results presented above, Hetiazan reduces the 
number oi adult Trichmdlc sp;rclss vrhen the 
drua is administered orailv to rats imected 
tvith this parasite. That the number of adult 
worms is reduced is also shown by the fact 
that the larvae recovered from the muscula- 
ture of the rats, treated early during infection, 
are less in number than those recovered from 
the untreated rats. 

Hetrazan. when administered oraUy to man 
is relatively non-tosic.^ The amount oi drug 
required to kill the raicroalariae of IT. ban- 
crofts is well under the lethal dose for rats 
(one mg per kg in man as compared with an 
LD;f. oi 2S5 mg per kg in rats) . Hewitt ef cJ~ 
have reported that the amount oi drag neces- 
sarj- to kill the cotton rat nlarid is from 10 
to 25 mg per kg which has to be given con- 
stantly for a period of 2 to 4 weeks. However, 
the amount oi drug necessary to act on the 
nJarid worm oi mar; is considerabh' less (one 
mg per kg 5 times daily for 5 caysl. .Although 
the same species oi Tnchsndia is involved 
in infection of man and rat it may be that, 
as in the case of the filarial infections, the 
amount oi the drug i;ecesar\- to overcome the 
infection in man is less than the amount 
needed for the treatment of rats. 

Hetrazan acts on other intestinal nematodes 
particularly on .tsreris of man and dog.“ It 
is suggestive that this drug may be useful 
mixed with the animal feed in order to treat 
infections with .Ascarss and intestinal trichinae. 

Work is in progress to determine the effect 
ot Hetrazan on the migratorj* and muscle 
stages of T. spsrdss. 

eKerntr, K., Kcshcfir. S.. S;etva.-t, H., 

D. E.. tysUote. tv., EH.’ SubbiKo". T., is press. 

' TTEpoblisbec data. 
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Treatment of Experimental Trichinosis 


3. No significant relief of inhibition was 
obtained with either nicotinic acid or trypto- 
phane. 

4. Staphylococcus aureus and Mycobaetcr- 
him tuberculosis (607) were not inhibited by 
indoleacetic acid at the concentrations studied. 

5. Fairly consistent stimulation at 0.1 mg/- 
ml levels of indoleacetic acid were obtained 
with L. arabiuosus and L. casci in the pres- 
ence of limiting concentrations of trj'ptophane. 


6. The significance of these results in re- 
lation to’ possible metabolite-antagonist re- 
lationship between indoleacetic acid and 
tryptophane or nicotinic acid is discussed. 

The authors’ thanks are due to the Nutrition 
Foundation, Inc., and tiie Puke Pnirersity Besearch 
Ciouncil for tlieir support of this work; to Merck 
and Company for most of the erystalUne B-vitamins 
which were employed, and to the Lederle Labora- 
tories for i. casei factor. 
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Treatment of Experimental Intestinal Trichinosis with l-Diethylcarbamyl- 
4-Methylpiperazine Hydrochloride (Hetrazan*). 

Jose Oliver-Gonzalez and Redginal I, Hewitt. 

From the Department of Medical Zoology, School of Tropical Medicine, San Juan, Fuerto Sica, 
and the Lederle Lahoratorics Division, American Cyanamid Company, Pearl Siver, FS. 


The drug l-DiethylcarbamyI-4-methylpi- 
perazine Hydrochloride (Hetrazan), when 
administered orally, causes the rapid dis- 
appearance of the microfilariae of Wuchereria 
bancrofti from the blood of infected individ- 
uals.^ The marked effect of this drug on the 
circulating forms of IF. bancrojtl suggested 
its use in other parasitic infections in which 
treatment should be directed against such 
migrating forms. In view of the need for a 
drug in trichinosis ivhich would destroy the 
migrating larvae as well as the intestinal 
forms, Hetrazan was tested on white rats 
infected with Trichinella spiralis. The effect 
of this drug on the intestinal trichinae is re- 
ported below. 

Methods and Results. White rats weighing 
from ISO to 175 g were fed by stomach tube 
with 1,000 to 1,300 infective trichinae larvae. 
The larvae were obtained from rat muscle 
digested in a pepsin-hydrochloric acid mix- 
ture. Tiventy-four hours after feeding the 
animals were started on Hetrazan. The drug 

* The drug was supplied by the Lederle Labora- 
tories Pivision, American Cyanamid Co., Pearl 

^"sanUago, P., Oliver-Gonzalez, J., and Hewitt, 

H. I., in press. 


was given on the basis of 200 mg per kg weight 
3 times daily by stomach tube, for periods of S 
to 10 days. For the recovery of adult trichinae 
the treated animals and suitable controls were 
killed 24 hours .after the last dose of the 
drug was administered. The small and large 
intestine were removed, slit open and cut into 
small pieces about 1 cm long. The sliced in- 
testine was put in a Baermann apparatus with 
normal salt solution heated to 37°C. The 
adult worms settled rapidly to the tip of the 
funnel and were removed one hour after the 
apparatus was set up. The number of W’orms 
recovered from the intestines was determined 
directly by counting. 

For the recovery of the muscle stages the 
rats were killed on or about the 30th day 
after feeding infective larvae. The rat mus- 
cles were ground and digested in a pepsin- 
hydrochloric acid mi.vture. The lame were 
recovered from the mi.vture and their number 
estimated by counting aliquot portions of the 
total suspension. 

The average number of adult worms re- 
covered from the rats treated with Hetrazan 
■was considerably less than the number re- 
covered from the untreated animals (Table 
1). Thus the average number of worms 
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. TIME IN HOURS 
Fig. 1. 

Plasma Levels and TTrinary Excretion of Myanesin. 

The arrow in the upper left hand comer represents the time of the intravenous injection of 
myanesin, 50 mg per kg. Values plotted correspond to those of Dog No. 4 in Table H. 


(.AiUtoclaving similar solutions for 2 and 4 
hours at 115-120° C did not increase the re- 
covery of mj^anesin.) After removal from 
the bath, 5 ml of water are added to the flask, 
and well mbced. Five ml are then withdrawn 
and placed in a small separatory funnel, and 
the procedure as outlined under plasma fol- 
lowed. The 2 ml of aqueous solution even- 
tually analyzed represent 0.5 ml of urine; 
consequently the final concentration value 
must be multiplied by 4 to yield a value 
reading in mg per 100 ml for the 2 ml ana- 
lyzed. Note: Analysis of urine for free 
myanesin must be accomplished within a few 
hours after the sample is obtained, since 
spontaneous hydrolysis of the conjugated 
fraction gradually increases the values of 
free myanesin. 

Atialysis. Two ml of the aqueous solution 
of the plasma or urine e.xtract are placed in 
a test tube. To each tube is added 1 ml of 
cone, nitric acid (sp. gr. 1.42). The tubes 
are then placed in a boiling water bath for 
e.Nactly 4 minutes. The tubes must not be 
inserted until the temperature of the water 


is at least 98 °C. Less than 3 minutes in the 
bath gives inadequate nitration; greater than 
5 minutes contributes heavily to the destruc- 
tion of some of the myanesin present. At the 
end of 4 minutes the tubes are removed and 
placed immediately in a beaker of cold water. 
WTien the solutions have reached room temp- 
erature, 2 ml of 40^ sodium hydroxide are 
slowly added to each tube, with swirling to 
insure complete mixture. 

Ten minutes after the addition of the 
sodium hydroxide, the contents of each tube 
are transferred to a clean, dry Klett tube and 
read in the colorimeter. The plasma or urine 
reagent blanks are set to zero; readings can 
then be converted into concentration values 
directly by comparison with the standard 
cur\’e. 

-A Klett-Summerson photoelectric colorim- 
eter was used in our determinations, emploj'- 
ing the No. 42 (blue) filter (400-460 milli- 
microns wave length transmission). Using 
the method outlined above, the standard 
cur\-e was prepared with aqueous solutions 
of myanesin of known concentration, and 
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Plasma Levels and Urinary Excretion of Injected Myanesin in Dogs.'® 


James B. Wyngaarden, Lauren A. Woods, and M. H. Seevers.1 
From ihe Department of Pharmacology', University of Michigan. 


The recent publications of Berger and 
Bradley^’- describing a new synthetic cur- 
arizing agent, a-y3-dihydrox3--y-(2-methy]- 
phenoxy)- propane (myanesin), and .±he in- 
itial clinical report bj' Mallinsom’ .of its .use 
as a substitute for curare in 118 cases, are 
of potential interest in the field of anesthesia. 

The brevity of action of m 3 ’anesin aroused 
our interest in its physiological disposition, 
and it was considered desirable to study blood 
levels and urinary excretion. This report de- 
scribes a method developed for the estimation 
of myanesin in plasma and in urine, and 
experimental data of plasma levels and urin- 
ary e.xcretion in dogs. 

Principle oj the Method. The method de- 
scribed hers is dependent upon the nitration 
of myanesin in aqueous solution, and the 
development of a strong yellow-green color 
when made alkaline with sodium hydro.xide. 
The yellow-green color is stablq for at least 
60 minutes, and its intensity is measured with 
the photoelectric colorimeter. The myanesin 
is extracted from blood plasma, or from urine, 
with chloroform and the chloroform evapo- 
rated to dr 3 ’’ness. The residue is then dissolved 
in water and an aliquot analyzed. By acid 
hydrolysis of the urine before the e.xtraction 
with chloroform much larger quantities of 
myanesin can be recovered, indicating the 
presence of a conjugated derivative of myan- 
esin in urine. 

Method oj Analysis. Extraction. (1) Plas- 
ma.* Five ml of plasma obtained from oxal- 
ated blood are placed in a small separatory 


* Supported by a grant from Parke, Davis & Co. 
t The authors wish to acknowledge the technical 
assistance of Miss Millicent Svohoda. 

1 Berger, F. M., and Bradley, IV., Brit. J. Phar- 
macol., 194B, 1, 265. 

2 Berger, F. M., and Bradley, W., TAincct, 194/, 


1, 97. 

a Mallinson, 


F. B., Lancet, 1947, 1, 98. 


funnel, and 10 ml of chloroform (technical 
grade) are added. After thorough shaking 
for 8 minutes the chloroform layer is separ- 
ated from the plasma, and filtered through 
Whatman No. 40 filter paper. Occasionally, 
especially in hot weather, the plasma and 
the chloroform may emulsify, but rarely is 
it impossible to obtain S ml of clear chloro- 
form filtrate. A 5 ml aliquot of the chloroform 
filtrate is evaporated just to dryness on a 
water bath heated to QO^C, being careful not 
to overheat the residue. Two and five-tenths 
ml of distilled water are added to the residue, 
and gently warmed to aid solution of the 
myanesin. .-^fter a few minutes, 2 ml of this 
aqueous solution are placed in a test tube 
16. S X ISO mm, to be submitted to anal 3 'sis. 
This 2 ml aqueous fraction represents the 
extracted myanesin from 2 ml of plasma. 

(2) Urine. 1 (a) Extraction of free myane- 
sin. Four and five-tenths ml of urine are 
placed in a small separatory funnel and 1.5 
ml of buffer having a pH of appro.\'imatel 3 ' 7.3 
(prepared by adding 0.1 M citric acid to 
0.2 hi NaL.HP 04 in the proportion of 2:13) 
are added. Twelve ml of chloroform are added, 
and the procedure as outlined for plasma fol- 
lowed, e.xcept that an aliquot of 8 ml of chlor- 
oform filtrate is evaporated to dryness, and 
the residue is dissolved in 3 ml of water; the 
2 ml of aqueous solution of urine e.xtract 
placed in the test tube for analysis represent 
2 ml of urine. 

(b) Extraction of free and conjugated 
myanesin. In a small flask 2.S ml of urine are 
placed, and 2.5 ml of cone. HCl (sp. gr. 
1.178-1.188) are added. The contents are then 
heated on a boiling water bath for 10 minutes. 


+ Reagent blanks of niyanesin-frcc plasmn and 
urine must be run concomitanth', since small 
amounts of plasma and urine constituents are ex- 
tracted and nitrated. 



TABLE ir. 

I’liiHiim Luvols ami Urinary Scerotioii. 


]MyAXESIK LE\'ZLS in PxASilA AND UrINE 


259 



given myanesin vomited ivithin 2 minutes 
after the injection. No free mj-anesin could 
be detected in the 90-minute plasma sample 
of anj' of the dogs. Conjugated m 3 'anesin, 
though probabh' present in plasma, could not 
be detected quantitative^ by the above 
method of acid hj'droh'sis. 

Urinary Output. (Table IT). Output of 
free m\'anesin was followed in 3 dogs by 
means of periodic urine samples withdrawn 
through an indwelling Foley bag catheter. To 
insure urine blanks that give low readings 
one must obtain dilute urine for the deter- 
minations. In this experimental work on dogs 
it was found that water diuresis, the water 
being administered by stomach tube the 
evening before and every 2 or 3 hours through- 
out the day of the experiment in quantities 
of 50 to 75 ml per kg of body weight, greatly- 
enhanced the accuracy of the determinations, 
since an output of light straw-colored urine 
could thus be insured. 

The rate of e.xcretion of free my'anesin 
was found to parallel the concentration of 
myanesin in the plasma. However, only from 
0.133 to 1.93% of the administered dose was 
detected as free myanesin in the urine; and 
the excretion of free myanesin was complete 
when the plasma level reached zero. (Fig. 1). 
The concentrations of free myanesin obtained 
in urine are so low, that the failure of urine 
collected from rabbits, after large doses of 
the drug, to have anj’ paralytic effect on mice'* 
is readily understood. 

Output of conjugated m\’anesin was fol- 
lowed in 4 dogs; in 2 samples were collected 
by means of the Folej- bag catheter, and in 
two b\' recovering the urine from the cage as 
it was normalh' passed. From Fig. 1 and 
Table II it can be seen that the excretion of 
conjugated myanesin persists for 24 hours 
or more in some dogs, although the greatest 
quantity is e.xcreted within 3 or 4 hours. 
From 32 to 42% of the administered dose is 
excreted in conjugated form in 24 hours. 
However, the water diuresis necessaiy- for this 
procedure may have given results somewhat 
at variance from normal animals. 

Conjugation Product. INIyanesin bears a 
chemical resemblance to propylene glycol 
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TABLE I. 

Rccover 3 ' of Myanesin Added to Plasma and to Urine. 


Sample 

Myanesin 

added 

(y/ml) 

Myanesin 

recovered 

(7/ml) 

% recovery 

5 ml dog plasma 

25 

24.0 


96.0 


50 

48.5 


97.0 


75 

69.0 


92.0 

5 ml human plasma 

10 

10.0 


100.0 


100 

86.8 


86.8 




Avg 

94.4 ±2.3% 

4.5 ml dog urine* 

7.5 

5.1 


68.0 

, 

10 

7.4 


74.0 


50 

42.3 


84.6 

4.5 ml human urine 

75 

61.0 


81.3 

10 

9.0 


90.0 


25 

24.0 


96.0 


75 

67.0 


89.3 




Avg 

83.3 ± 4.0% 

2.5 ml dog urinet 

10 

12.4 


124.0 


25 

27.6 


110.4 


50 

47.8 


95.6 


50 

52.0 


104.0 


50 

38.0 


' 76.0 


50 

38.1 


76.2 


50 

34.5 


69.0 


75 

70.1 


93.5 


100 

95.6 


95.6 




Avg 

93.8 5.9% 


* Analyzed direotfy for free myanesin. 
t Submitted to procedure for hydrolysis before analysis. 


plotted to read in mg per 100 ml. The read- 
ing of the reagent blank was adjusted to 
zero on the colorimeter. A linear relationship 
exists between concentrations of myanesin 
and colorimeter readings for values from 0.5 
to 10.0 mg per 100 ml (5 to 100 gamma per 
ml) of solution analyzed. Periodic checks on 
aqueous solutions of myanesin;- ranging -from 
0.001 to 1.0% in concentration, showed that 
such solutions undergo no deterioration for 
at least 30 days, if stored in a refrigerator. 

Experimental. Recovery Data. Table I 
shows recovery data obtained from analysis 
of dog and human plasma and urine to which 
known amounts of free myanesin have been 
added. Recovery from plasma yields values 
94.4 ± 2.3% of the theoretical concentra- 
tion values; from urine by analysis for free 
myanesin 83.3 ± 4.0% of the theoretical 
values; from urine containing free myanesin 
but submitted to treatment with hot hydro- 
chloric acid 93.8 ± 5.9% of the known 
values. No conjugated myanesin was avail- 
able to test hydrolysis and recovery by this 


method. Probably the increase in % recovery 
from urine after acid treatment was due to 
greater extractability. However, the method 
outlined gave maximal values with urine 
from dogs previously given myanesin. 

Plasma Levels. (Table II). Four dogs after 
absence of dehydration was assured were 
given myanesin intravenously in doses of 
SO mg per kg and one dog, 75 mg per kg, 
employing 2-3% supersaturated aqueous so- 
lutions.^ Three were followed as to plasma 
levels by periodically withdrawing blood 
samples. Fig. 1 shows a tyqiical plasma level 
curve (Dog No. 4 of Table II). The sharp 
decay of the curve of free myanesin correlates 
well with the response of the animal. Immed- 
iately following the injection of 50 mg per 
kg, the dogs exhibited a flaccid paralysis, 
affecting predominently the hind legs. No 
reflexes or responses to painful stimuli could 
be elicited. Within 2 minutes after the injec- 
tion all dogs were able to stand, though 
unsteadiness and muscular weakness persisted 
for about 20 minutes. Three of the 5 dogs 
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TABLE I. • 

Effect of Hemorrhage on Intestinal Atsorption of Chloride in the Presence of Sulfate. 


Control* Bxperimentalt Difference 
% % % .. 


Absorption of chloride 
” ” sulfate 

69 

24 

81 

30 

13 

6 

.16 

.15 

” fluid 

34 

44 

10 

.11 

Final cone, of chloride 

0.187 

0.138 

0.049 

.15 

” ” ” sulfate 

1.17 

1 2^ 

0.05 

.20 


* 14 arnmals. 
tl5 ” 

I Significant when "p” (according to Fisher) is 0.05 or less. 


The experimental animals were etherized 
and blood equal to 3% of the body weight 
was withdrawn from the cannulated femoral 
artery. The artery was ligated and the in- 
cision closed. Four hours were allowed for 
recovery from the ether and adjustment of 
the circulatory mechanism. During this in- 
terim, water was allowed ad libitum. The 
control animals were subjected to the same 
procedure without, of course, being bled. 

Under sodium barbital anesthesia (300 
mg/kg intravenously) the small intestine 
was e.xposed and practically the entire ileum 
used for a loop. The same length of loop was 
used in the control and the bled animal. It 
was washed out with isotonic glucose solution 
and filled with a fluid composed of equal parts 
of isotonic sodium chloride and isotonic 
sodium sulfate solutions. The resulting mix- 
ture contained Na 0.647%; Cl 0.055%, and 
S04 1.278%. 

Forty minutes later the fluid remaining in 
the intestine was removed and the amount 
carefully measured. An aliquot portion was 
digested with concentrated HCl and the 
amount of sulfate determined gravimetrically 
by precipitation with barium chloride. A 
second aliquot was used to determine the 
chloride as sodium chloride by the Van Slyke 
modification of the Volhard method. 

Results and Discussion. The absorption of 
the chloride ion in the presence of the sulfate 
was not significantly increased by hemorrhage, 
although there was a trend in that direction. 
Since a hemi-isotonic sodium chloride solu- 
tion was used, it was necessary for absorption 
to take place against a distinct gradient. Per- 
haps this explains why hemorrhage did not 
significantly accelerate the absorption of 


chloride as it had when isotonic solutions of 
sodium chloride were used.® As previously 
noted, Goldschmidt and Dayton^ observed 
that chlorides were absorbed more rapidly 
from the colon when a sulfate was present. It 
has not been shown, to our knowledge, how- 
ever, that this effect obtains in the small 
intestine. 

Less absorption of chloride and fluid tYas 
noted in the control animals. As in our pre- 
vious absorption studies a fair degree of 
parallelism was obsen'ed between the ab- 
sorption of the chloride ion and fluid. 

At the end of the 40-minute period both 
the control and experimental animals showed 
definite chloride impoverishment. This was 
more pronounced, on the average, in the 
latter group but, presumably because of the 
wide individual variation in the several ani- 
mals. the difference was not statistically sig- 
nificant. In both groups the sulfates showed 
a definite increase in concentration, because 
more water than sulfate was absorbed. This 
increase was not unexpected in the control 
dogs. In our laborator}' it has recently^ 
also been shown that a pronounced hemor- 
rhage does not significantly affect the ab- 
sorption of magnesium sulfate from the small 
intestine. 

Summary. The absorption of chloride, sul- 
fate and fluid from a mixture of equal parts 
of isotonic sodium chloride and isotonic sodi- 
um sulfate solution was studied in dogs 
which had suffered a hemorrhage of 3% 
of their body weight. 

The percentages of absorption in control 

■iTan Liere, E. J., Xortimp. D. W., Stickney, 
J. a, and Richarfi, E. E., Peoc. Soc. Exp. Bion. 
AND Med., 1947, G4, G2. 
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which has been shown by Neubauer* and 
confirmed by Fellows et at.,^ to stimulate an 
increase in the excretion of glucuronic acid 
(conjugation?). However, glycerol itself and 
ethylene glycol did not produce such an in- 
crease when administered gastrically or hypo- 
dermically in rabbits.® 

Preliminary observations would seem to 
indicate that myanesin is conjugated with 
glucuronic acid, at least in part. Neuberg and 
Schewket® have devised a method for the 
extraction and identification of conjugated 
glucuronic acid which they claim to be specific. 
By employing this method of extraction un- 

•iNeubauer, O., Arch. exp. Path. u. Pharmakol., 
1901, 46, 133. 

CFellovra, J. K., Luduena, F. P., and Hanslik, 
P. J., J. Pharmacol, and Pxp. Therap., 1947, 
89, 210. 

® Neuberg, C., and Sebewket, O., Biochem. Z., 
1912, 44, 502. 


equivocal reactions were obtained with naph- 
thoresorcinol,®-'*’ although inconsistent re- 
actions were obtained with orcinol,®’’ on 
urine excreted after the administration of 
myanesin, whereas similarly treated control 
urines gave only the weakly positive reactions 
expected of normal urine. 

Summary. A colorimetric method has been 
presented for the determination of myanesin 
in plasma and in urine. The rapid decay 
curve of myanesin in dog plasma explains 
the brevity of its pharmacological' action. 
In the dog, from 0.1 to 2.0% of the admin- 
istered dose is excreted as free myanesin; 
from 32 to 42% of the administered dose is 
excreted as conjugated myanesin in 24 hours, 
possibly as the glucuronide. 

7 Hawk, P. B., and Bergheim, 0., Practical 
Physiological Chemistry, Philadelphia, P. Blalds- 
ton's Son & Co., Inc., 11th edition, 1937, pp. 
68, 658. 
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The Null Effect of Hemorrhage on Intestinal Absorption of Chloride in the 

Presence of Sulfate.* 


Edward J. Van Liere, David W. Northup, and J. Clifford Stickney. 

From the Department of Physiology, School of Medicine, West Virginia University, Morgan- 
town. 


Goldschmidt and Dayton^ showed that 
sodium sulfate increases the absorption of 
sodium chloride in the large intestine of dogs. 
Burns and Visscher- later demonstrated that 
the presence of sodium sulfate and certain 
other anions of the lyotropic series caused the 
chloride ion, at a concentration below that 
in the blood plasma, to leave the small in- 
testine and enter the blood against its dif- 
fusion gradient. 

Van Liere, Northup, and Sleeth® noted that 
*^aed by a graant of the Ella Sachs Plotz 


Foundation. _ , ^ 

1 Goldschmidt, S., and Daj-ton, A. B., Am. J. 


iysiol., 1919, 48, 459. ,, x> i r 

2 Burns, H. S., and Visscher, M. B., Am. J. 

iysiol., 1934, 110, 490. 


isotonic sodium chloride solution was ab- 
sorbed significantly faster from the intestine 
of dogs w'hich had sustained a severe hemor- 
rhage (3.2% of their bod}^ weight). Since 
hemorrhage thus simulated the effect of the 
sulfate ion, it ivas of interest to stud)’’ their 
combined effect. 

Methods. Dogs, selected in pairs as nearly 
alike in weight and age as possible, were fasted 
24 hours previous to the experiment. One 
served as a control and the other was sub- 
jected to hemorrhage. Fifteen experiments 
were performed on a total of 29 animals 
(one control died). 


3 Van Liere, E. J., Northup, D. W., and Slcctli, 
C. K., Am. J. Physiol., 193S, 124, 102. 
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TABLE I. 


Aeceleration of Coagulation bv lodinated and Entr 2 ated Trrpsin. Eaeb tube contained 0.5 ml of plasma 
and 0.1 ml of 19 c CaCTo-SHoO plus other additions as indicated. 


Xo. 

‘ Xaa 
0.9% 
ml 

Xon- 

iodinated 

trvpsin 

0.1% 

ml 

Iodinated tirpsin 

Avg 

coagnlation 

time, 

sec 

%of 

normal 

coagnlation 

time 

^1.6 X 10-3 
m Eq iodine 
per mg 
trypsin 

1.S X 10-3 
m Eq iodine 
per mg 
trypsin 

2.0 X 10-3 ’ 
m Eq iodine 
per mg 
trypsin 

1 

0.1 

0 

0 

0 

0 

755 

100.0 


0 

0.1 

0 

0 

0 

68 

9.0 


0 

0 

0.1 ml of 0.3% 

0 

0 

75 

9.9 

o 

0.1 

0 

0 

0 

0 

221 

100.0 


0 

0.1 

0 

0 

0 

37 

16.7 


0 

0 

0.1 ml of 0.1% 

0 

0 

47 

2E2 


0 

0 

0.1 ml of 0.3% 

0 

0 

33 

15.8 

3 

0.1 

0 

0 

0 

0 

33S 

100.0 


0 

0.1 

0 

0 

0 

47 

13.9 


0 

0 

0 

0.1 ml of 0.3% 

0 

50 

14.S 

4 

0.1 

0 

0 

0 

0 

475 

100.0 


0 

0.1 

0 

0 

0 

54 

1E4 


0 

0 

0 

0.1 ml of 0,3% 

0 

65 

13.7 

5 

0.1 

0 

0 

0 

0 

358 

100.0 


0 

0.1 

0 

C 

0 

54 

15.1 


0 

0 

0 

0 

0.1 ml of 0.1% 

95 

26.5 

c 

0.1 

0 

0 

0 

0 

430 

100,0 


0 

0.1 

0 

0 

0 

65 

15.1 


0 

0 

0 

0 

0.1ml of 0A% 

116 

27.0 


0 

0 

0 

0 

0.1 ml of 0.3% 

76 

17.7 

7 

0.1 

0 

0 

0 

0 

130 

100.0 


0 

0.1 

0 

0 

0 

41 

3E5 


0 

0 

0 

0 

0.1ml-of-0;3%. 

44 

3A0 


0 

0 

0 

0 

0.1 Tnl of 0.5% 

40 

30.9 

s 

0.1 

0 

0 

0 

0 

127 

100.0 


0 

0.1 

0 

0 

0 

41 

32.2 


0 

0 

0 

0 

0.1 ml of 0.1% 

48 

37.8 


0 

0 

0 

0 

OA ml of 0.3% 

44 

3i6 


0 

0 

0 

0 

0.1 ml of 0.5% 

42 

33.0 


time was considerably less and the accelerat- 
ing influence of untreated or iodinated trypsin 
was less apparent. Plasma and the diluent 
or the enzyme were placed in tubes having 
inside measurements of 5 x 55 mm and al- 
lowed to come to 58°C in a water bath. 
Calcium chloride was then added, a stopper 
quickly inserted and the tubes were slowly 
and uniformly rocked back and forth under 
the surface of the 38' bath until the air 
bubble in the tube became stationarj- and a 
clot was observed. With these small tubes 
it rvas found desirable to begin timing the co- 
agulation when the tubes were first inverted 
with the calcium chloride present. 

The crude trypsin was iodinated under con- 


ditions described earlier.^* 

Results. The data of Table I indicate that 
iodinated trypsin, as well as the untreated 
enzyme, considerably hastens the coagulation 
of recakified plasma. The difference in the 
degree of acceleration by the untreated and 
by the iodinated en^-me is similar to the 
difference in their proteoUlic actmties de- 
scribed earlier.*^ Approximately the same 
degree of acceleration by iodinated trypsin 
can be accomplished by emplo\-ing 3 to 5 
times as much material. However, like the rate 
of proteohiis, acceleration of coagulation 
is not directly proportional to the concentra- 
tion of the enzyme and appreciable accelera- 
tion results when iodinated trxpsin is used 
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and experimental dogs were, respectively, 69 
and 81 of the chloride; 24 and 30 of the sul- 
fate; and 34 and 44 of the fluid. 

In both control and experimental animals 
the sulfates showed a definite increase in con- 


centration at the end of the e.xperimental 
period, the chlorides a definite impoverish- 
ment. However, the differences between the 
control and the experimntal animals were 
not statistically significant. 


16058 

Influence of lodinated Trypsin on Blood Coagulation.* 
Donau) E. Bowman, 

From the Department of Diochemistry and Pharmacology, Indiana University School of 

Medicine, Indianapolis. 


It has been known for some time that the 
addition of trypsin accelerates the coagulation 
of normal blood^"* and the blood of hemoph- 
ilic individuals.®-" Intravenously administered 
trypsin is, however, quite toxic as pointed out 
by Eagle and Harris.'* The similarity between 
the symptomatology resulting from the in- 
jection of the enzyme and anaphylactic re- 
actions was observed by Rocha e Silva’’ and 
these observations have been extended by 
Dragstedt and his associates. Shock re- 

* This work Iiaa been supported by a grant from 
the Office of Naval Besearch of the XTnited States 
Navy. 

1 Douglas, S. S., and Colebrook, L., Lancet, 
1916, S, 180. 

2 Heard, W. N., J. Physiol., 1916, 51, S9i. 

3 Waldschmidt-Leitz, E., Stadler, P., and Steiger- 
waldt, P., Naturwissenschaften, 19S8, 16, 1027. 

■i Eagle, H., and Harris, T. N., J. Gen. Physiol., 
1930-37, SO, 543. 

5 Tyson, T. E., and 'West, K-., Proc. Soc. Exp. 
Bion. AND Med., 1937, SO, 494. 

opetguson, 3. H., and Erickson, B. N., Am. J. 
Physiol, 1939, 136, 601. 

fKoeha e Silva, U., Aryuiv. Inst. Biol., Sao 
Paulo, 1939, 16, 93. 

s Bamirez de Arellano, M., E.-iwton, A. M., and 
Dragstedt, 0. A., Pboo. Soc. Exp. Bion. and Med., 
1940, 43, 360. 

oEocha e Silva, M., and Dragstedt, C. A., J. 
P/iarm. and Exp. Xherap., 1941, 72, 36. 

10 Dragstedt, C. A., and Eocha e Silva, M., Pkoc. 
Soc. Exp. Biol, and Med., 1941, 47, 420. 

31 Eocha c Silva, M., and Dragstedt, C. A., Peoc. 
Soc. Exp. Biol, .lnd AIed., 1941, 48, 152. 


suiting from the injection of a relatively small 
amount of trypsin is indicated by a marked 
fall in blood pressure. 

Tagnon’® slowly injected trypsin intra- 
venously in hemophilic patients and observed 
a significant shortening of the coagulation 
time; however, he has advised extreme cau- 
tion since the dose most effective on dotting 
time is very near to that which is quite 
toxic. 

In an earlier report*'* the author pointed 
out that the iodination of trypsin serves to 
decrease greatly its hypotensive effect while 
its proteolytic activity is decreased only 
ahom one tenth as much. Relatively large 
amounts of the iodinated enzyme do not 
cause the profound fall in blood pressure ob- 
served with the same amount of untreated 
trypsin even with rapid injection. 

The present report deals with the influence 
of iodinated trypsin on the rate of blood co- 
agulation /« vr/ro. 

Methods. Freshly drawn dog blood was 
mixed with 3.3 mg of sodium citrate per ml 
of blood. The plasma was separated alter 
centrifuging for 2 hours at 3200 r.p.m. With 
short periods of centrifugation the clotting 

13 'Wells, J. A., Morris, H. G., and Dragstedt, 

C. A., Peoc. Soc. Exp. Biol, and Med., 1946, 
03, 209. 

13 Tagnon, H. J., Proc. Soc. Exp. Biol, and 
Med., 1944, 57, 45. 

i-i Bowin.in, D. E., Peoc. Soc. Exp. Biol, and 
AIed., 1946, 63, 408. 
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reaches zero throughout the system for a 
portion of each respiratory cycle during 
which period settlement by gravity is possible. 
However, it is generally accepted in standard 
texts- that respiratory movements do little 
other than ventilate the respiratory passages 
down to the finer subdivisions of the bronch- 
ioles (Henderson ct ah^). A gas finds its way 
to the depth of the alveoli only b3' molecular 
diffusion. Since nebulized substances are 
much larger than molecules of a gas, the laws 
of diffusion do not apply. Nebulized particles, 
therefore, are transported only when there 
is an active movement of a column of air, 
at which time the forces of inertia and im- 
pingement causing deposition of such particles 
are greatest. 

An additional factor preventing penetra- 
tion and retention is the return of some of the 
particles in the inspired air to the outside 
atmosphere with expiration. Brown^ has 
shown that retention of dust particles is in- 
versely proportional to the respiratory rate 
for rates below 20 per minute, thus, the 
slower the respiration the greater the reten- 
tion. He also concluded that the percentage 
retention was not affected by volume per 
respiration, vital capacity or relative humidity 
of inspired air. 

It is often stated that a S micron particle 
will float airborne to terminal air passages. 
This statement is based on the fact that the 
terminal bronchioles are 300-400 microns in 
diameter, and thus it is assumed that a S 
micron particle should have no difficulty in 
making the passage. This assumption is open 
to criticism. 

Van Wijk and Patterson® studied the pro- 
portion of particles of different sizes removed 
from dust-laden air by breathing. They found 

- a. Bachmaiin, G., and Bliss, A. E., Jr., Essen- 
iiats of Physiotog!/ Pharmacodynamics, BlaMs- 
ton Co., PMladelpMa, 1940; b. Best, C. H., and 
Taylor, B. T., The Physiological Basis of i[edical 
Practice, 3rd ed., p. 512, VrUUams and 'Wilkins, 
Baltimore, 1939. 

3 Henderson, Y., Cliillingwortli, B. P., and W'liit- 
ncy, J. L., Am. J. Physiol., 1915, SS, 1. 

••Brown, C. E., J. Indust. Syg., 1931, 13, 285; 
ibid., 1931, 13, 293. 

5 Van B'ijk, A. 31., J. Indvst. Eyg., 1940, 22, 31. 


that 25% of 0.2 micron particles are removed, 
80% of 2 micron particles are removed, and 
95% of 5 micron particles are removed. They 
further state that the larger particles are 
deposited in the larger air passages, thus, the 
smaller the particle, the less the retention. 
Bryson and co-workers® made photomicro- 
graphs of penicillin aerosol reporting the 
average particle diameter to be 0.54 microns 
with a range of 0.24 to 1.18 microns. 

It would appear from these purely theoret- 
ical considerations that large concentrations 
of aerosol mists will not penetrate deeply 
into the respiratory tree because 

1. The forces of inertia and impingement 
causing deposition are greatest in the 
larger branches; 

2. The moving air column does not pene- 
trate to the alveoli; 

3. The mist will not diffuse as will a gas; 

4. There is a return to the outside of some 
of the mist; and 

5. The larger particles which are most likely 
to be retained are most likely to be 
deposited in the larger bronchioles. 

The literature reveals only one experimental 
study which separates clearly the factor of 
pharyngeal absorption from actual penetra- 
tion of mist. Krueger and co-workers'^ confined 
an adult monkey in an atmosphere of dilute 
India ink for 60 minutes. On gross examina- 
tion, following autopsy, carbon was found in 
large amounts in the nasal passages, larynx 
and stomach, in smaller amounts in the 
trachea and bronchi. Microscopic sections 
showed that some inspired material had pene- 
trated into the alveolar spaces. The following 
e.xperiments were undertaken to investigate 
the apparent lack of agreement between the 
theoretical considerations and the experimental 
result. 

Methods. The depth of penetration and 
magnitude of concentration of various nebu- 
lized substances in the respiratory tree was 
determined e.xperimentally in 26 animals (2 

c Bryson, V., Sansomc, E., and Easldn, S., 
Science, 1944, 100, 33. 

"Personnel of Naval Laboratory Ecsearcb 'Unit 
No. 1, Command of Krueger, A. P., and Lyons 
■W. E., Am. J. jfed. Sci., 1944, 207, 40. 
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in amounts equal to the optimum amount of 
the untreated material. 

Further study of the numerous factors to 
be considered in the use of iodinated triqjsin 
w w/oo is in progress. 


Summary. The coagulation of , recalcified 
plasma, in vitro, is hastened considerably by 
trypsin which has been ‘iodinatSl'sufScieritly 
to greatly decrease its hypotensive effect. 
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Depth of Penetration of Nebulized Substances in the Respiratory Tree.* 


Jack Q. Sloan, George P. Bain, and Marshall Brucer. 

(Introduced by E. Ogden.) 

■From the Seotl and White Clinic, Temple, Texas, and the Department of Fhysiology, Vniversity 

of Texas, Galveston, Texas. 


To effect a local concentration of penicil- 
lin in the pulmonary system, some phy'sicians 
have been administering nebulized penicillin 
in the inspired air. 

Administering penicillin mist by the usual 
method of inserting a spray into the oral 
pharynx uses two routes of administration 
simultaneously. The mist deposited on the 
pharyngeal mucosa is absorbed, diluted by the 
blood stream and distributed throughout the 
body; also some of the mist may follorv the 
column of inspired air down the respiratory 
passages to effect a local surface action. 
Intramuscular injection of penicillin produces 
higher blood concentrations than is possible 
by mucosal absorption of the relatively small 
dosage used in nebulizers. Thus, the only ad- 
vantage of nebulization is a possible local 
action on the surfaces of the respiratory pas- 
sages. 

The purpose of this study was to determine 
the magnitude of concentration and the depth 
of penetration down the respiratory passages, 
of a nebulized substance administered with 
inspired air. 

Liquids, such as Lipiodol, pass rapidl>- to 
the terminal bronchioles and alveoli. It is 
known from unpublished ' war research that 
aerosol clouds in which the mass median 
diameter is carefully controlled will penetrate 

* Be.id in abstract, to the Federation of Amer- 
ican Societies for Experimental Biology, Chicago, 
3I.ay, 1947. 


in small concentrations to the alveoli. Dusts, 
such as silica, over long periods of e.vposure 
majf penetrate deeply. This study is not con- 
cerned with such phenomena, but only with 
conditions similar to those of aerosol tbera- 
peusis, i.e., mixture, with commercial nebu- 
lizers, of mist with inspired air in the oral 
phar 3 mx, and durations of e.xposure of lS-60 
minutes of eupneic breathing. 

Nebulized particles in inspired air tend to 
be deposited against the walls of the respira- 
tory sy'stem by settlement due to gravity 
and by changes in the direction of air flow. 
The particles tend to be retained in the system 
by impingement on moist and adhesive sur- 
faces. The deposition due to changes in direc- 
tion of air flow increases with the velocity of 
air flow and turbulence, whereas settlement, 
due to gravitj'^, is only' effective where the 
velocity is low. 

Hatch* states that maximum air velocities 
occur in the nasal passages. The mean velocity 
of the air column in the bronchioles is reduced 
to I/IOOO, and at the entrance of the alveoli 
is further reduced to 1/100,000 of nasal 
velocity'. Thus the greatest deposition of nebu- 
lized particles should be e.\pected in the 
upper respiratory tree. The air velocity' 

r Hatcli, T. F,, Behavior of ifieroscopic P.'irti- 
cles in the Air and in the Bespiratory System, p. 
102, in Aerobiology, Mouiton, F. E., editor, publi- 
cation of the A.A.A.S., No. 17, Washington, D.C., 
1942. 
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larger quantities of carbon and iron were 
deposited. No particulate matter was demon- 
strated in the smaller bronchioles or alveoli. 

5. Because a satisfactory microscopic pic- 
ture — for a comparison control — of the de- 
position of carbon, dye or iron in the alveoli 
had not yet been produced, an. attempt was 
made to force particulate matter into the 
alveoli. The lungs and trachea were removed 
in one block from 2 dogs and 2 rats and were 
artificially inflated by the nebulizer. A free 
flow of mist was insured by cutting the tip 
from one of the lower lobes. The lungs were 
inflated and deflated beyond physiological 
limits for a period of 15 minutes. Microscopic 
sections indicated only a minute amount of 
foreign material in the bronchi. None of the 
alveoli was seen to contain foreign material. 
Even those alveoli adjacent to the free flow 
of mist at the cut tip were free of particulate 
matter. 

6. The breathing of one dog was stimulated 
by an intermittent mixture of CO 2 with the 
inspired air. Dilute India ink mist was intro- 
duced into the oral pharynx for a period of 
30 minutes. The gross and microscopic dis- 
tribution was essentially the same as in dogs 
during the eupneic breathing. No carbon was 
distributed in the smaller bronchioles or al- 
veoli. 

7. Abramson® has suggested that 25% 
glycerol be added to the carbon suspension 
to lower vapor pressure and thus make a 
more stable mist. Two dogs ivere exposed to 
a glycerol mist containing carbon for 30- 
minute periods. There were tracheobronchial 
depositions of carbon in larger quantities than 
when aqueous suspensions were used. In a 
dependent lobe of one dog there was a sharply 
localized area 2 cm in diameter in which 
carbon was deposited in the alveoli. However, 
in this dog there was an excess of free flowing 
fluid in the oral pharynx and the dog coughed 
and “gurgled” several times during the pro- 
cedure. It is believed that this localized al- 
veolar deposition was due to aspiration and 
flow rather than to inspiration of nebulized 
mist. 

Discussion. A careful search of the literature 

8 Abramson, H. A., .-Inn. AWcrtiy, 194G, 4, 440. 


fails to bring to light any actual experimental 
confirmation of Krueger’s experiment' in 
which the factor of pharyngeal absorption 
is clearly separated from the factor of in- 
spiratory penetration. 

Using nebulized sulfonamide solutions. 
Mutch® found that only 7 to 14 percent of the 
drug leaving the nebulizer reached the blood 
stream. Later, working with nebulized penicil- 
lin, Mutch and Rowell^® found that only 25% 
of the mist was absorbed into the blood 
stream. Neither of these studies determined 
what proportion of the blood concentration 
was due to pharyngeal absorption. We have 
been able to demonstrate only a minimal 
penetration to the larger bronchi, and a 
questionable penetration of nebulized sub- 
stance into the deeper respiratory passages'. 

Although penicillin aerosol may be ade- 
quate for effecting some degree of pharyngeal 
absorption, it does not yield adequate surface 
action on the respiratory passages. It is the 
impression of the authors that the concentra- 
tion of the substance on the surfaces of the 
trachea, bronchi and bronchioles would not 
be sufficient for therapeutic effectiveness. 

Summary. 1. An attempt has been made to 
determine the depth of penetration, and the 
amount of deposition in the respiratory sys- 
tem of nebulized dilute India ink, aqueous 
gentian violet solution and aqueous ferric 
ammonium sulfate solution in 2 mice, II rats, 
2 rabbits and 11 dogs. 

2. The substances were found to be de- 
posited in decreasing amounts in the oro- 
pharynx, larynx, bifurcation of the trachea, 
the bronchi and bronchioles of the animals. 
The amounts of deposited substances in the 
bronchi and bronchioles were so small as to 
make microscopic detection difficult. In no 
case was any nebulized substance found to 
have reached the alveoli. 

3. There is no evidence to support the 
theory that pulmonary lesions can be treated 
by topical application with commercial nebu- 
lizers. 

0 Mulch, N., Tjancct, 1944, 2, 775. 

10 Mutch, N., and Eowell, B. E., Lancet, 1945, 
1 , 650. 
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TABLE I. 


1 

2 

3 

4 

5 

6 

Angle of bend in glass tube 

% of mist removed from .air column 

No bend 

defined as 0% 

one 30° 
angle 
30-35% 

one 90° 
angle 
75-80% 

one 120° 
angle 
90-95% 

two 20° 
angles 
50% 


mice, 1 1 rats, 2 rabbits and 1 1 dogs) . A com- 
mercial nebulizer (“glaseptic” — Parke-Davis 
& Co.) connected to a half-liter pressure bot- 
tle was used to obtain a fine mist of diluted 
India ink (1:1 or 1:5 aqueous dilution), 
gentian violet (1%-S% aqueous solution) or 
ferric ammonium sulfate (l%-5% aqueous 
solution). It was found that a hand bulb gave 
a more sustained mist with smaller droplets 
than did o.vygen at 8 to 10 liters per minute; 
so the former was used e.vclusively after the 
first 4 animals studied. 

The size of the nebulized droplets sprayed 
from the pressure bottle was directly observed 
by comparison with red cell smears to include 
particles as small as 0.5 microns with 80% 
being 1 to 3 microns in diameter. 

The animals were lightly anesthetized with 
pentobarbital sodium (Nembutal). The mists 
were introduced to the respiratory tree by a 
glass tube placed in the oral-pharynx, or in 
some animals by a tracheal cannula placed 
in the same axis as the trachea. The rate and 
depth of respirations were noted. The animals 
were exposed to the mists for periods of from 
15 to 60 minutes. They were immediately 
sacrificed and gross and microscopic observa- 
tions were made. 

Preliminary experiments on the action of 
suspensions passing through a system of 
branching glass tubes demonstrated the re- 
moval of particulate matter from the air 
column at the points where the direction of 
the air column changed. The amount of nebu- 
lized suspension of dilute India ink passing 
through a straight tube was accepted as a 
measure of 0% removal (Table I). As the 
angle of bend in the tube increased, and as 
the number of bends in the tube increased, 
there was an increase in the removal of 
particulate matter from the air column. The 
carbon was deposited largely on the walls 
obposing flow at the bends in the tubing 

Results. 1. The first group of one rat and 


2 mice was not anesthetized nor was an oral 
cannula used. The animals were placed in an 
atmosphere of a mist of 50% India ink for 
60 minutes. Carbon particles were found in 
the nasopharynx and stomach of each animal. 
No carbon was seen grossly or microscopically 
in the larynx, trachea, bronchi, bronchioles, 
or alveoli. 

2. Because the nasal passages appeared to 
be removing most of carbon from the inspired 
air in the first group, a second group of 7 
rats and 2 rabbits, lightly anesthetized, was 
exposed to India ink, gentian violet or ferric 
ammonium sulfate solutions for periods of 
from IS to 30 minutes. The mist was intro- 
duced to the inspired air by an oral cannula. 
The nose was occluded and the tongue pulled 
forward to insure mouth breathing. 

Particles were seen grossly to be present in 
rather large quantities in the oral pharynx 
and larjmx of all animals. Below' this point 
the nebulized substances w'Cre noted in small 
quantities, mostly at the point of branching 
of the bronchi, hlicroscopic sections indicated 
no evidence of foreign material in the alveoli. 
Only one cell out of every' one or two thousand 
lining the bronchi showed any evidence of 
foreign material. 

3. Because of the negative results in rats 
and rabbits, a third group of 4 dogs was e.x- 
posed to India ink suspensions (1:5 aqueous 
dilution) and ferric ammonium sulfate (1% 
aqueous solutions) with e.xposures of from 
30 to 60 minutes. The results were essentially 
the same as with the second group of animals 
e.xcept that in two animals there w'ere minute 
particles in the larger bronchioles which may 
have been either artifact or inspired material. 

4. In order to by-pass the screening of the 
inspired air by the pharynx and larynx, the 
mist was directly introduced through a trach- 
eal cannula into a rat and 2 dogs. This fourth 
group of animals showed tracheobronchial 
distribution similar to the other groups, but 
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Average and individual Tvhitc Wood cell counts of the urctlmne-treated group and the control 
group are shown. Only a very slight rise above normal occurred in the urethane group. 


In Fig. 2 the averages of the differential 
counts are plotted. The change in counts of 
the animals which were given cell suspension 
and not treated with urethane was entirely 
characteristic of the transplanted disease. 
Evidence of leukemia was manifest in the 
peripheral blood on the 19th day, at which 
time primitive blast cells were first seen. The 
leukemia was at its peak on the 26th day and 
all the animals were dead by the 34th day. 
The drop in white blood cell count shortly 
before death is usually seen. The treatment 
with urethane had a striking effect on the 
course of the transplanted leukemia. The 
total and differential counts showed no change 
from the normal until the 23rd day at which 
tioLe there was a slight rise above normal and 
a few blast cells appeared. The slight rise was 
maintained until the 40th day at which time 
the total counts fell to within normal limits. 


A small percentage of blasts, however, per- 
sisted until the death of the last animal on 
the 48th day. The urethane had the effect 
of delaying the appearance and greatly di- 
minishing the number of white blood cells 
in the peripheral blood. 

The histologic changes in the control group 
not treated with urethane were typical of the 
transplanted disease. The infiltration of the 
organs lagged behind the development of 
leukemia as manifested by changes in the 
peripheral blood. The 2 animals which sur- 
vived only 22 and 24 days showed only 
moderate infiltration. The 3 which survived 
31, 31, and 34 days showed maximal in- 
filtration. The animals treated with urethane 
also developed infiltration in the organs but 
this occurred later and to a less marked de- 
gree than in the untreated animals. One mouse 
that survived 27 days showed no infiltration. 



268 


16060 

Effect of Urethane on Transplanted Leukemia of Ak Mice,* 

David R. Weir and Robert W. Heinle. 

From the 'Department of Hediciuef School of JUedicinCf Western Deserve D7iiv€rsity, and 
Dniversity Hospitals of Cleveland. 


Haddow and Sexton,^ investigating the 
effect of urethanes on human malignant 
tumors,' reported that they observed a fall 
in the leucocyte counts. Prompted bj' this 
Paterson, Haddow, Thomas, and Watkinson- 
treated 32 cases of human leukemia, 19 
myeloid and 13 lymphatic, adth urethane, 
(ethylcarbamate). In both types of leukemia 
they observed a decrease in the total white 
blood cell count with a return towards normal 
of the differential pattern. This was ac- 
companied bj^ decrease in the size of the 
spleen and lymph nodes and a rise in the 
hemoglobin level. They considered the effects 
to be comparable to those obtained with 
deep x-ray therapy. There was no evidence 
that permanent benefit resulted from the 
therapy. Engstrom, Kirschbaum, and MLxer® 
tested the effect of urethane on the trans- 
planted myelogenous leukemia in F strain 
mice. They found that just sub-lethal doses 
were effective in reducing the white blood cell 
counts to normal but did not eradicate the 
infiltration of the tissues. Smaller doses had 
a less marked effect on the counts. Kirsch- 
baum and Lu^ demonstrated later that a single 
anesthetic dose of urethane decreased the 
number of mitotic figures in marrow myeloid 
cells and reduced the total number of circulat- 
ing white cells, especially myeloblasts, in 
transplanted myeloid leukemia of F strain 
mice. 


* This research was made possible by a grant 
from the Price McKinney Memorial Pund. 

1 Haddow, A., and Sexton, "W. A., Nature (Lon- 
don), 1946, 157, 500. 

. 2 Paterson, E., Thomas, 1. A., Haddow, A., and 
Watkinson, J. M., Lancet, 1946, 350, 677. 

3 Engstrom, E. M., Kirschbaum, A., and Mixer, 
H W., Science, 19^7, 105,' 255. 

4 Kirschbaum, A.', and Lu, 0. S., Pkoc. Soc. Exp. 
Biol, and Med.. 1947, 65, 62. 


Mice of the Ak strain have a very high 
incidence of spontaneous leukemia. About 
75% develop the disease after the age of 6 
months. The intravenous injection of leu- 
kemic cells from diseased older animals pro- 
duces progressive leukemia in 100% of 
younger animals. The leukemic tissue is cut 
into small pieces with scissors and immersed 
in Tyrode’s solution. The larger particles are 
allowed to settle leaving a suspension of celb 
in the supernatant fluid. The concentration of 
cells in the suspension is determined by count- 
ing in a hemacytometer. Dilution is usually 
necessary until the required concentration is 
reached. The injection into the tail vein of 
about 40,000 cells suspended in 0.10-0.15 cc of 
solution produces leukemia in all of the young 
animals in about weeks and death occurs 
in 3 to 5 weeks. 

Twenty Ak animalst less than 5 months old 
were selected and divided into 3 groups. Five 
received the cell suspension only; 10 re- 
ceived cell suspension and were treated with 
urethane; and 5 were treated with urethane 
only. It had been determined previously that 
the maximum dose tolerated over a 5-week 
period by mice weighing 25-30 g was 7.5 mg 
injected subcutaneously twice dqily. This dos- 
age was used. White blood counts and differ- 
ential counts were done once w'eekly for 2 
weeks and then twice weekly. At autopsy 
sections of the liver, spleen, and bone marrow 
ivere taken for histologic study. 

The white blood cell counts of the animals 
which were treated with urethane and were 
not injected with cell suspension did not show 
any variation from the normal. The average 
and individual total white blood cell counts 
of the other two groups are shown in Fig. 1. 

t The Ak mice used in this e.Tperiment were 
from a colony developed from breeders given to us 
by Dr. Jacob Purth. 
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Alloxan Diabetes in Hypophysectomized Rats.** 

C. Cabell Bailey, Philip M. LeCompte, Orville T. Bailey, and Clifford C. 
Franseen. (Introduced by E. P. Joslin.) 

From George F. Falser Clinic and ihc Separiment of Fathology, Harvard Medical School 


Since diabetes can be produced in certain 
animals by the injection of alloxan^-^'^ or by 
the injection of crude anterior pituitary ex- 
tract/-' this investigation was undertaken to 
determine whether alloxan produces its dia- 
betogenic effect through the pituitary gland. 

For many years an association between the 
pituitary and diabetes mellitus has been sug- 
gested by (1) the high incidence of diabetes 
and glycosuria among acromegalics,* (2) the 
production of experimental diabetic animals 
by the injection of crude anterior pituitary 
extract,*'" (3) the marked hypersensitivity 
to insulin exhibited by hypophysectomized 
animals," (4) the amelioration of the diabetes 
in depancreatized dogs or toads following 
hypophysectomy ,*'*•** (5) the suggestion of 
pituitary overactivity in children'-" in the few 

* We .nro indebted to the American Cyanamid 
Company for a research grant. 

1 Bailey, C, C., and Bailey, 0. T., J, J. M. A., 
1943, 122, 1105. 

2 Goldner, M. G., and Gomori, G., Fndocrinology, 
1943, 33, 297. 

3 Dunn, J. S., and JIcLctcliio, N. G. B., Lancet, 
1943, 2, 384. 

I Young, P. G., Lancet, 1937, 2, 372. 
a llouss.ay, B. A., Biaaotti, A., and Rietti, 0. T., 
C. Jt. Soc. dc Biol, 1932, 111, 479. 

9 Evans, H. M., Weyer, K,, Simpson, AI. B., and 
Reichert, F. L., Pnoc. Soo. Exp. Bion. and Med., 
1931-32, 2D, 857. 

- Baumann, E. .T., and Marine, D., Pkoc. Soc. 
Exp. Biol, a.vd Med., 1931-32, 29, 1220. 

S Dnvidoir, L. M., Endocrinology, 192C, 10, 461. 
D lIoHssay, B. A., and Magenta, M. A., Fcv. 
Assn. Med. Argent., 1924, 37, 3S9. 

30 Iloussay, B. A., and Biasotti, A., C. Jt. Soc. 
dc Biol, 1930, 101, 407. 

11 Iloussay, B. A., and Biasotti, A., C. B. Soc. 
dc Biol, 1930, 105, 121. 

32 Joslin, E, P., Root, H. F., Wliito, P., Marble, 
A., and Bailey, C. C., The Treatment of Diahetes 
Mellitus, Sth Edition, Philadelphia, Ivca .and 
Febigor, 1940, (a) p. 743, (b) p. 17S. 


months preceding the onset of diabetes as 
evidenced by rapid dental and osseous devel- 
opment beyond that expected for their age. 

Although both alloxan and crude anterior 
pituitary extract (APE) produce islet cell 
destruction and diabetes when injected into 
dogs, there are some striking differences in 
their action, the most outstanding of which 
are as follows : 

(1) The injection of APE produces diabetes 
only in the dog and in the partially depan- 
creatized rat or cat,'" whereas alloxan has 
already been shown to produce diabetes in the 
dog, rat, cat, rabbit, pigeon, monkey, sheep 
and turtle.'"" 

(2) Hyperglycemia is imperative for the 
production of diabetes with APE.'" The use 
of insulin, phlorhizin or a low carbohydrate 
diet which prevents hyperglycemia also pre- 
vents the development of diabetes. Alloxan 
however produces islet cell necrosis and dia- 
betes irrespective of hyperglycemia." 

(3) Alloxan produces islet cell destruction 
and diabetes within 24 hours'" after injection 
of a single dose, whereas APE must be injected 
daily' for several days or weeks.* 

(4) Pancreatic islet lesions produced with 
a single diabetogenic dose of alloxan show de- 
generative changes from the start with de- 
struction of all or nearly all of the beta cells 
within 24 hours.'" No similar rapid islet de- 
struction follows APE but rather a gradual 
degranulation with the development of e.x- 
lensive hydropic degeneration of the beta 
cells.'® 

The production of diabetes bj' the injection 

13 Lukens, F, D. W., Talc J. Jiiol. and 3ted., 
1944, 10, 301. 

1-1 Goldncr, At. G., and Gomori, G., Pkoc. Soc. 
E.XP. Biol, axd AIed., 1944, 55, 73. 

iSB.iiioy, O. T., B.-iilcy, C. C., and H.Dgan, 
AV. II., Am. ,T. Med. Set., 1944, 208, 450. 

1C Duff, G. L., Am. J. Med. ScL, 1945, 210, 381. 
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Urethane Effect on Mouse Leukemia 



Pig. 2. 

Average differential counts of tlic ureUiane-trcated group 
Primitive blast cells appeared later and in smaller numbers in 


and the control group are shown, 
the urethane group. 




Another that survived 29 days showed mini- 
mal infiltration in the spleen and one small 
focus of leukemic cells in the liver. In the 
animals that survived 32 to 48 days there 
was moderate infiltration which was much 
less extensive than that present in the un- 
treated animals surviving 31 to 34 days. 
There was a general tendency to weight loss 
which was not extreme in any one group 
and was not more or less marked in any 


one group. . 

The urethane treatment increased the sur- 
vival time of the animals injected with cell 
suspension. The average survival time of those 
not treated with urethane was 28.4 days, of 
those treated with urethane 36.0 days Tte 
is statistically significant. P equals 0.05.“ Of 
the S animals which were treated with ure- 
— -R A Methods for Se- 

J ouver aud Boyd, Edtnbuigl., 1934. 


thane and not injected with cells one died 
on the 19th day and one' on the 41st. The 
other 3 were killed on the 50th day. It is 
probable that the dose of urethane was to.xic 
and was approaching a lethal dose. 

Conclusions. The administration of ure- 
thane to Ak mice with transplanted leukemia 
caused a delay in the appearance of immature 
cells in the peripheral blood and prevented 
a marked increase in total white blood cell 
count and numbers of immature blast cells. 
Infiltration of organs occurred later and to 
a less marked degree. The average survival 
time of the animals was increased and this 
increase was statistically significant. In order 
to secure these effects a dosage of urethane 
was used which was just sub-lethal. It is 
probable that the drug itself was partly re- 
sponsible for the death of the treated animals. 
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blood sugars below 200 mg Three of the 
rats later responded to a larger dose of al- 
loxan with a blood sugar over 200 mg 
but all 3 again had a subsequent blood sugar 
less than 150 mg fo. In other words, the 
blood sugar levels showed wide fluctuations 
and a striking tendency to revert to normal. 

Group D — Avimals Apparently Resistant 
to Alloxan. The 4 animals in this group were 
given from 2 to 5 injections of alloxan, 2 of 
them receiving a maximum dose of 200 mg 
per kg and the other 2 a maximum dose of 
300 mg per kg without developing hyper- 
glycemia. It is noteworthy that one animal 
showed apparently complete loss of beta 
cells from the islets of Langerhans and 
another showed an acute degenerative change 
in the beta cells probably due to the last 
injection of alloxan. 

Pathological Findings. In 2 animals (one 
from Group B, one from Group D), the 
histological preparations were unsatisfactory 
owing to postmortem change. The islets of 
Langerhans in the remaining 17 rats showed 
loss of beta cells in varying degree, with 
apparent complete loss of beta cells in the 
majority, the islets being composed of alpha 
cells staining pink with the Gomori chrome- 
alum hematoxylin method. A few sundving 
beta cells were present in some Islets of 2 
rats in Group A, one in Group C, and one in 
Group D. No definite necrosis or other lesion 
of organs such as liver, kidney, and adrenal 
was noted. The e.xpected findings in the 
hypophj'sectomized animals — e.g., atrophy of 
gonads, adrenals, and thyroid — ^Yere also 
present. 

Discussion. Hypophysectomized rats fail 
to grow and their fur remains fine and soft. 
Their weight tends to remain constant and 
they show an abnormal response to both 
insulin and to adrenalin. These animals show 
marked hjqjersensitivity to insulin and re- 
spond to about one-tenth the dose of insulin 
required to act in normal animals.^'' Adrena- 
lin produces less h>-perglycemia than it does 
in the intact animal. Since hypophysectomized 
rats show a marked tendency to hypoglycemia 

If Bussell, J. A., Fhysioh Bet?., 193S, 18, 2. 


and since the administration of alloxan is 
followed by a transitory h 3 ?poglycemia, 
especial care must be taken to prevent fatal 
h 3 'poglycemia in h 3 -poph 3 'sectomized rats 
given alloxan. For this reason, glucose water 
was made available. 

Perhaps the most striking feature of the 
experimental results is the large number of 
animals showing diabetes which was either 
transitory or fluctuating. These included not 
only the rats in Group C (transitory group), 
but also die 3 rats in Group B (long duration), 
all of which showed one or more normal blood 
sugars during their course. In other words, 
even in the permanenth' diabetic hypophy- 
sectomized animal, the blood sugar showed 
a definite tendenc 3 ? to revert to normal. 

In unoperated animals made diabetic with 
alloxan, a certain number may be e.xpected 
to exhibit a transitor 3 ' course, but the fluctu- 
ations were not so striking as in the present 
series. In a previous series of 50 control rats 
given a dose of 150 mg in this laboratory, 
the results were classified as follows: 



r/c 

Pormnnont diabetes 

58 

Transitor)' diabetes 

12 

Ecsistiuit to 150 mg 

.-lO 

Died before first blood sugar 

S 


In this control group the rats exhibiting 
permanent diabetes showed sustained high 
blood sugar levels, without reversion to nor- 
mal, while those classed as transitor 3 ? showed 
high blood sugar levels for a week or so, 
the subsequent ones being within the normal 
range. In other words, the striking fluctua- 
tions seen in the hypoph 3 'sectomized animals 
were not present in the controls. 

It is also noteworth 3 ’’, as remarked above, 
that all the animals in which good histologicai 
preparations were obtained showed destruc- 
tion, to a greater or less degree, of the beta 
cells in the islets of Langerhans; i.c. the ana- 
tomical lesion was present regardless of the 
apparenth' mild course of the diabetes. 

The phenomenon of amelioration of dia- 
betes following h3-pophysectomy is, of course, 
not new, being well known in the “Houssax’ 
animal”, where hypophysectomy is followed 
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of repeated small doses of alloxan produces 
some degranulation and hydropic degenera- 
tion in the beta cells but not to a degree 
comparable to that following the administra- 
tion of APE.^^ 

In view of these findings, it seemed ap- 
propriate to investigate whether the presence 
of the pituitary is essential for the production 
of alloxan diabetes. This report deals with 
hypophysectomized animals injected with 
alloxan. 

Materials and Methods. White rats of the 
Hisaw strain, obtained from the Biological 
Laboratory of Harvard University, were used. 
They were maintained on Purina Fo.v-Chow 
and water. After hypophysectomy glucose 
water -was also made available at all times. 
(See Discussion.) 

Hypophysectomy was done by one of us 
(C.C.F.) using a parapharyngeal approach 
through the base of the skull, the technique 
of which has been described in detail else- 
where.^' 

Approximately 2 weeks after operation, a 
control micro blood sugar determination 
(Folin-Malmros method) was done on blood 
obtained by cutting off the tip of the rat’s 
tail. Blood samples were obtained near the 
middle of the day throughout the experiments 
and no attempt was made to withhold food. 
(See Discussion.) A freshly prepared S% so- 
lution of alloxan (Eastman Kodak Company) 
was then administered subcutaneously in an 
initial dose of ISO mg per kg in IS rats and 
100 mg per kg in 4 rats. When no hyper- 
glycemia occurred, the initial dose was re- 
peated or the dose was increased by 25 or 
SO mg per kg. Animals were considered dia- 
betic when the blood sugar exceeded 200 mg 

24 or more hours after the injection of 
alloxan. 

In evaluating the completeness of the hypo- 
physectomy the chief clinical criterion used 
was failure to gain in weight. At autopsy a 
careful search was made for remnants of the 
pituitary and, if any were found, the animal 
was omitted from the series. 

In most instances the a nimals were killed 

A. M., and Richards, 

R. L., Bniocnnotogy, 1938, 33, 292. 


with ether, and autopsied immediately, the 
fresh tissues being fixed usually in Bonin’s 
and Helly’s fluid. In most cases sections were 
made of all the important organs. The pan- 
creas w-as examined in all the rats included 
in the . final series. Gomori’s chrome-alum 
hematoxylin stain^® proved to be most satis- 
factory for differentiating the beta and alpha 
cells in the islets of Langerhans. 

Results. The final series consisted of nine- 
teen rats. These ivere divided into groups 
on the basis of their clinical behavior, as fol- 
lows: 

Group A — ^Diabetes; animals sacrificed 
soon after onset o rats 

Group B — ^Diabetes ; animals allowed to 
survive for months 3 ” 

Group C — Transitory diabetes 1 " 

Group D — Apparently resistant to alloxan 
in doses given 4 ” 

Group A — Diabetes; Animals Sacrificed 
Soon After Onset. This group comprises S 
rats sacrificed after being diabetic for periods 
varying from 2 to 28 days. Four of these 
animals had blood sugar levels over 400 mg 
%, after a single dose of ISO mg alloxan per 
kg. The fifth animal received doses of 100, 
125, and ISO mg per kg at approximately 
weekly intervals without obvious effect but 
developed hyperglycemia after 175 mg per 
kg was given. The incidence of diabetes in 
this group does not appear to differ from that 
in normal rats injected wdth alloxan. (See. 
Discussion.) 

Group B — Diabetes; Animals Allowed to 
Survive for Months. The 3 rats in this group 
remained diabetic for relatively long periods, 
one for 2)4 months, and 2 for 8)4 months. 
One of these required a dose of 300 mg per 
kg before diabetes rvas definitely established. 
All 3 animals showed some fluctuation in 
blood sugar levels, all having occasional blood 
sugar values below 200 mg <fo. This point 
is commented upon in the discussion below. 
One animal developed cataracts in both eyes. 

Group C — Transitory Diabetes. Six of the 
7 animals in this group showed a single high 
blood sugar a few days follorving the first 
injection of alloxan and then one or more 


18 Gomori, G., An. J. Path., 1941, 17, 395 . 
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Effect of Anoxic Anoxia on Bile Secretion in the Rat. 

P. L. MacLachlan, C. K. Sleeth * and Janis Cover. 

From the Department of Siochemistry and the Department of Medicine* School of Medicine, 
West Virginia University, Morgantovin. 


Studies on the effect of anoxic anoxia on the 
absorption of fat from the alimentary tract of 
rats have shown that the amount of fat ab- 
sorbed by animals subjected to partial pres- 
sure of oxygen of 63 mm and S3 mm Hg 
(8.35 and 7.03% oxygen, respectively) was 
significantly less than for control animals.^ 
This cannot be explained on the basis of a 
prolonged gastric emptying time since it was 
found that rats fed corn oil showed an initial 
acceleration of the emptying of the stomach 
on exposure to diminished oxygen tension.- 
Glikson and RubeP'^ reported that exposure 
of dogs with a biliarj' fistula to pressures 
equivalent to altitudes of 6,000 and 8,000 m 
(9,78 and 7,68% oxygen, respectively) re- 
sulted, as a rule, in a decrease in the volume of 
bile secreted with an increase in the content 
of organic solids and the viscosity. To a lesser 
degree and less constantly there was an in- 
crease in the bile acid content. They attrib- 
uted the changes to oxygen starvation of the 
hepatic cells. Schnedorf and Orr'’ found that 
increasing degrees of anoxemia produced by 
inhalation of IS, 10, and 5% oxygen in 
nitrogen resulted in a marked and progressive 
decrease below normal in the flow of bile in 
nembutalized dogs. 

Since it is generally recognized that bile 
salts play an important role in the digestion 
and absorption of fat, the decreased rate of 
fat absorption observed in rats subjected to 

J MacLnohlan, P. Ii., and Thacker, C. W,, Am. ,T. 
Physiol., 1945, l-iS, 391. 

- liaeXiacHan, P. L., Proc. Soc. Ext. Bion. and 
Jta)., 194G, C3, 147. 

3 GUkson, E. B., and Eubcl, V. 51., Arch. sci. 
Hot. (U.S.S.E.), 1940, 58, 76. 

•iGlikson, E. B., and Rnbel, V. M., Dull. Viol. 
tiled, cxptt. P.P.S.S., 1940, 0, 334. 

5 Schnedorf, J. G., and Orr, T. G., Am. J. Dig. 
Bis., 1941, 8, 350. 


reduced barometric pressure might reasonably 
result from a diminished flow of bile. It was 
considered of interest, therefore, to investi- 
gate the effect of anoxic anoxia on the secre- 
tion of bile salts in the rat. 

i 

Methods. Young adult albino fats were 
found to be the most suitable for the experi- 
ments. Using the bile fistula technique of 
Harrington, Greaves, and Schmidt,® the bile 
duct was anastomosed to the vas deferens by 
means of a stainless steel cannula about the 
size of a No. 24 hypodermic needle. Thus the 
bile was completely excluded from the in- 
testinal tract and excreted in the urine in- 
stead. Six rats were successfully operated by 
this technique and remained in apparent 
health for a period of 3 to 5 months. The low- 
fat diet recommended by Greaves and 
Schmidt* for bile fistula rats was fed, with 
the exception that meat meal supplemented 
with 0.25% cod liver oil concentrate was 
substituted for fish meal -which was unavail- 
able at the time. After the rats had recovered 
from the operative procedure, they were ex- 
posed to simulated high altitude for 4-hour 
periods in individual metabolism cages. At 
the end of each period the volume of urine 
was measured and analyzed for its content 
of bile salts. Exposure to altitude was carried 
out not more often than once a week to avoid 
the possibility of acclimatization. Alternat- 
ing with exposures to altitude control experi- 
ments w’ere performed. In the early experi- 
ments the rats were subjected to a simulated 
altitude of 28,000 ft. (53 mm Hg oxj'gen 
tension). This resulted in the death of two 
animals, consequently in the subsequent ex- 

c Harrington, P. 6., Greaves, J. D., and 
Sclimidt, G. Ii. A., Proc. Soc. Ext. Biou and 
5tED., 1936, S4, Oil. 

"Greaves, J. D., and Sclimidt, C. E. A., J. mdl. 
Chem., 1933, 102, 101. 
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by improvement in the diabetes produced by 
pancreatectomy. The results of the present 
experiments are, therefore, not surprising and 
it would seem that there is no more evidence 
that alloxan acts through the pituitary than 
there is that pancreatectomy exerts its effect 
in this way. 

The general question of the relation of the 
pituitary to carbohydrate metabolism is well 
discussed by Russell,^'’ Houssay,-® and 
Lukens.®^ 

A preliminary report on the production of 
alloxan diabetes in hypophysectomized rats 
was published from this laboratory in 1945." 
As far as we are aware, the only other reports 
on alloxan diabetes in hj’pophysectomized 
animals are those of Kirschbaum et of 
Duff and Starr, and of Gaarenstroom.-® 

Kirschbaum, Wells and Molander®® found 
that hypophysectomized rats injected with 
alloxan developed severe hypoglycemic con- 
vulsions but no experiments were carried 
beyond 6 hours and no histological sections 
were reported. 

Duff^® describes unpublished observations 

20 Houssay, B. A., Essays in Biology in Sonor 
of Herbert M. Evans, 0niv. of Calif. Press, 1943. 

21 Lukens, P. B. W., Am, J. Med. Sci., 1946, 
313, 229. 

22 Bailey, C. C., Bailey, 0. T., and Lccch, B. S., 
Ball. N. Eng. Med. Center, 1945, 7, 59. 

23 Kirschbaum, A., Wells, L. J., and Molaader, 
D., Pkoc. Soc. Exp. Biol, and Med., 1945, 58, 294. 

24 Duff, G. E., and Starr, H., unpublished work, 
cited by Duff.i® 

23 Gaarenstroom, J. H., J. Endocrinology, 1947, 

5, 103. 


by Duff and Starr in which hypophysecto- 
mized rats were given alloxan and some sur- 
vived the initial hypoglycemic stage. Duff 
states that “although histologic studies showed 
destruction of the islets of Langerhans quite 
as extensive as in intact animals, there was 
no evidence of diabetes during the periods 
of survival. The blood sugar remained at 
more or less normal levels, but there were 
irregular fluctuations somewhat above and 
below^ the normal limits.” 

Gaarenstroom®^®' reported that extirpa- 
tion of the hypoph 3 'sis in animals already 
made diabetic with alloxan led to a marked 
decrease or even total disappearance of glyco- 
suria and a fall in blood sugar, if the animals 
were fasted. After administration of sugar the 
blood sugar rose again to high levels. 

Conchtsions. 1. Diabetes was produced by 
the injection of alloxan in IS of 19 hypophy- 
sectomized rats. 2. The diabetes so produced 
tended to be either transitory or fluctuating 
in severity and it is suggested that this phe- 
nomenon represents the “Houssay effect" 
seen in depancreatized hypophysectomized 
dogs. 3. Extensive loss of beta cells in the 
islets of Langerhans was noted in all animals 
in which satisfactory histological preparations 
were obtained. The presence of hypophysis 
is therefore not necessary for the production 
of what appears to be the essential lesion in 
allo.xan diabetes. 

20 Ganrenstroom, J. H., and DeJongb, S. E., Acta 
Brevia Neerlandica, 1946, 14, 28. 

2 T Gaarenstroom, J. H., DeJongli, S. E., and 
Polder, C. C., Acta Brevia Neerlandica, 1946, 

14, 70. 
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Cross Transfusion as a Means of Determining Toxic Factors in Blood from 

Burned Animals. 

Ernest Giraldi, L. W. Peterson, and Warren H. Cole. 

(With the technical assistance of Mr. Everett Hoppe.) 

From ihe Department of Surgery, University of Illinois College of Meiicnne, Chicago, HI. 


Although numerous methods of transfusion 
of blood from one animal to another have 
been utilized in an effort to test for toxic 
products, most of them fail to utilize principles 
which might prevent dilution of the toxins. 
When testing for a toxin possibly arising 
from an extremity removal of blood from a 


vein in the neck or another extremity 
w’ould obviously obtain blood in which 
any toxin would be greatly diluted. In 
efforts to test for a possible toxin in 
burned hind extremities of a dog, we 
resorted to cross transfusion in -which 100 cc 
of blood per kg of body weight was removed 
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TABLE I. 

Effect of Anoxic Anoxia on Excretion of Bile 
Salts and Urine in 6 Bile Fistula Eats. (Average 
values for four-ljour control and experimental 
periods.) 


No. of 
Exp. 

Bile 

salts, 

mg 

Urine 

vol., 

cc 

Corr. coefScient 
bile salts/urine 

Control 32 

0.37 

2.3 

—0.4 

Anoxia 32 

0.34 

3.9 

4-0.3 

Std. Dev. 

0.107 

1.575 


P (Fisher’s) 

>0.2 

<0.001 



periments the altitude was reduced to 24,000 
ft. (63 mm Hg oxygen tension). 

The urine was analyzed for its content of 
bile salts by the procedure of Morrison and 
Swalm® and Morrison.® This method was 
found to give satisfactory results on known 
solutions of cholic acid, as well as urine 
samples containing bile supplemented with 
known amounts of cholic acid. 

Results and Discussion. The data, Table I, 
show that there was no significant difference 
in the amount of bile salts ex'creted by bile 
fistula rats when subjected for 4-hour periods 
to diminished oxygen tension as compared to 
control periods. In agreement with the find- 
ings of Stickney,^® there was a statistically 
significant increase in the output of urine 
as a result of exposure to simulated altitude. 
Since there was no correlation between the 
amount of bile salts and the volume of urine 
excreted, the values for each were expressed 
in terms of the amount excreted per 4-hour 
period. 

The range in the volume output of urine 
was 0.8 to 5.0 cc for the control periods, and 
1.2 to 7.7 cc for the periods of exposure to 
altitude. Apparently the urine, irrespective of 

8 Morrison, L. M., and Swalm, W. A., J. Lab. 
Clin. Mca., 1940, 25, 739. 

0 Morrison, L. M,, L . Lab. Clin. l^Led.j 1943, 
38, 1503. 

lOStickney, J. C., Pnoc. Soc. Exp. Biol, aot 
Med., 1946, <53, 210. 


its volume, flushed out the bile which had 
collected in the urethra. 

Although the amount of bile salts excreted 
during the control and experimental periods 
varied considerably, (O.IS to 0.62 mg and 
0.16 to 0.68 mg respectively), the output 
over a 2- to 3-month interval did not show 
any noticeable decrease with increasing age 
of the chronic biliary fistula, as found by 
Boyd in dogs.^^ 

Haney, Roley, and Cole,^® as a result 
of studies on dogs with Thiry Vella loops, 
suggested that bile salts may play an 
important role in the normal regulation of 
the propulsive movements of the small in- 
testine. Ackerman, Curl and Crandall,^® 
however, working with bile fistula dogs found 
that in general their data did not lend sup- 
port to the concept that bile salts are an 
important factor in the regulation of small 
intestine motility. Since in rats anoxic ano-xia 
was found to be without effect on the secretion 
of bile salts, a changed motility of the small 
intestine as a result of deficient bile secretion 
cannot be considered of importance as far 
as the effect of anoxia on fat absorption is 
concerned. 

Summary. No significant difference was 
found in the amount of bile salts excreted by 
6 bile fistula rats when exposed for 4-hour 
periods to decreased oxygen tension (63 mm 
and S3 mm Hg) as compared to control per- 
iods. There was a statistically significant 
increase in the volume output of urine as a 
result of exposure to simulated altitude. No 
correlation existed between the amount of 
bile salts and the volume of urine excreted. 

11 Boyd, E. M., Earl, T. J., Jackson, S., Palmer, 
B., and Stevens, M. E. T., Am. J. Physiol., 1945, 
145, 186. 

12 Haney, H. F., Eoley, W. C., and Cole, P. A., 
Am. J. Physiol., 1939, 126, 82. 

13 Ackerman, E. F., Curl, H., and Crandall, 
L. A., Jr., Am. J. Physiol., 1941, 134, 32. 
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Certain Mathematical Aspects of the Susceptibility of Erythrocytes 

to Lysis.* 

C. W. Hiatt. (Introduced by E, E. Ecker.) 

From the Institute of Pathology, Western Seserve University, and the University Hospitals, 

Cleveland, Ohio. 


Variation in the value of the parametric 
constant 1/n in the von Krogh alternation 
formula^ has been used by several authors-”*^ 
as a convenient index of the susceptibility 
of red cells to lysis in the presence of comple- 
ment and a hemolytic antiserum. It is of 
interest to consider in some detail the re- 


lationship between the value of the constant 
and the distribution of susceptibility to Ij'sis 
among individual red cells. 

.•\s ordinarily expressed, von Krogh's form- 
ula is: 


^ ^ (t~) « 

where x = lysin concentration 

y = fraction of cells hemolyzed 
k, 1/n are constants for a given set of 
reagents. 

The plot of versus x (Fig. 1) is a sigmoid 
cuiA'e which provides an excellent fit for 
e.xperimental points between the limits y 
= 0.1 and y = 0.9. The lack of fit beyond 
these limits has been attributed to the rapid 
rate of change of y/1 — y as y approaches zero 
or unity. 

Solving Equation 1 for y gives; 

•^n 

( 2 ) 


kn 4 - xn 

and. differentiating with respect to x, 

dr nknsn-1 


dx ~ (kn -i- xn): ^ ^ 

If X is e.xpressed in terms of 50% hemo- 
lytic units, then it may be seen from Equa- 


’ Aided hr a gr.-int from the Commonwealth 
Fund. 

1 ron Krogh, M., J. Infect. Pis., 1916, 19, 452. 

= Morse, S., Peoc. Soc. Exp. Eioiu axd Med., 
1922, 19, 17. 

3 Wadsworth A., Maltancr, E., and Maltaner, F., 
J. Immunol., 1931, 21, 313. 

•1 Kent, .T. F., Science, 1947, 103, 316. 


tion 1 that, at 50% hemolysis (y = 0.5), 
the fraction y/l — y is unity and k = 1. This 
choice of the units of x allows Equation 3 to 
be simplified to: 


dx (1 + xn)2 

The derivative dy/dx represents the rate 
of change of the degree of hemolysis with 
respect to h'sin concentration. The value 
of the derivative at ant- point x is then pro- 
portional to the number of cells that require 
that concentration of b’sin for hemolysis. 
Thus the curt-e of dy/dx versus .x will provide 
a graphic representation of the distribution 
of susceptibility among the red cells of a 
given population. 

The shape of this cun’e for 3 commonly 
encountered values of 1/n is shown in Fig. 
2. The asymmetry of the cuiwe, which suggests 
that the h’sin is proportionalh' less effective 
in the higher concentrations, conforms with 
Ponder’s view,^ based on e.xperimental data, 
that the accumulated products of hemolysis 
have an inhibiting effect on the l\'sin. 

The respective curves for the 3 values of 
1/n disclose that there is an inverse relation- 
ship between the value of 1/n and the 
uniformitj' of a given cell population with 
respect to susceptibility to lysis. It is sug- 
gested that any condition which leads to a 
change in uniformity will lead to an inverse 
change in the value of 1/n. This supposition 
is consistent with the obser\-ation of Kent^ 
that the optimal degree of cell sensitization 
with an homologous antiserum occurs at a 
minimum value of 1/n for the system, and 
with the disclosure of 3Iorse^ that 1/n tends 
to increase either with aging of the cells, or 
on the introduction of certain impurities. 

= Ponder, E., Proe. Poy. ,Soc., B, 1923, 9.3, 3S2. 
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Cross Transfusion in Burned and Normal Dogs 


TABLE I. ' 

Mortality Bate, Blooa Pressure, and Pulse Changes in Animals Eeeeiving Blood from Normal 
Control Animals as Compared 10 Animals Beceiving Blood from Burned Animnlq ^ 

Beceiving blood Beceiving Mood 

from normal animals from burned animals 

Mortality rate 16.6% 27.7% 

Avg drop in blood pressure 19.35 mm Hg 41.83 mm Hg 

Avg rise in pulse rate 12.9 beats per min 14.8 beats per min 

Total No. of experiments. 30 ,18 


over a 2S-minute period from the distal 
vena cava of the burned animal (donor) and 
transfused into the jugular vein of the normal 
animal (recipient), as illustrated in Fig. 1. 
This obtained blood directly from the area 
of the burn which was produced by immersion 
of the distal portion of the animal for 30 
seconds up to the third thoracic vertebra in 
vegetable oil heated to 120°C. All animals 
used in these experiments were anesthetized 
with 33 mg sodium pentobarbital per kg 
of body weight injected intraperitoneally; 
ether was used in a smaller series not 
reported herein. Blood from the 2 ani- 
mals being cross-transfused was matched 
previously to rule out incompatibility. To 
facilitate transfusion, S mg heparin per kg 
of body weight was injected intravenously 
into the animals. The cross-transfusions were 
performed 48 to 96 hours after the burn, 
representing a time shortly before the e.xpected 
death of the burned animal. 

The mortality rate in 30 dogs receiving 
blood from the vena cava of normal animals 
was 16.6% compared to a rate of 27.7% 
in 18 dogs receiving blood from the vena 
cava of animals burned on the lower e.xtrem- 
ities and distal torso. (Table I) The average 


drop in blood pressure of dogs receiving 
blood from normal dogs was 19 mm of mercury 
compared to a drop of 42 mm in dogs receiv- 
ing blood from burned animals. There was 
very little difference in pulse rate in the 2 
experiments. Statistical analysis of the data 
on blood pressure and mortally revealed 
the figures to be significant although the series 
is small. 

Summary. In our experiments studying the 
effect of transfusion of blood from a burned 
animal (dog) to a normal animal we resorted 
to a method of cross transfusion which ob- 
tained blood from the vena cava (draining 
the burned area), and cross transfused large 
quantities (several hundred cc) to and from 
the normal and burned animal. The average 
drop in blood pressure of dogs receiving 
blood from normal dogs was 19 mm of 
mercury, compared to a drop of 42 mm in 
dogs receiving blood from burned animals m 
the same quantity and same speed of injec- 
tion. The mortality rate in 30 dogs receiving 
blood from the vena cava of normal animals 
was 16.6% compared to a rate of 27.7% 
in 18 dogs receiving blood from the vena cava 
of animals burned on the lower extremiries 
and distal torso. 
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Snmmary. An approximate cur\’e represent- 
ing the distribution of siisceptibilitj’^ to hemo- 
l\'sis among the erythrocj-tes of a given pop- 
ulation is obtained by diSerentiation of the 
v’on Krogh equation. The von Krogh con- 
stant 1/n is shorsTi to be an inverse measure 
of the uniformity of distribution.. Variations 


in the value of 1 'n are concluded to be in- 
dicative of variations in the uniformity of 
the cell suspension with respect to its sus- 
ceptibilit}' to hemoh'sis. 

The assistance o£ Dr. E. E. Ecker in the initia- 
tion and interpretation of this work is gratefully 
acknowledged by the author. 
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Bacteria and Cellular Acti\dties. 1. Effect of Streptococcus beta-hemo- 
Jyticus on Permeability of Chicken Erythrocytes.* 

F. R. Hunter and How.ard W. L.arsh. 

From the ’Departments of Zoological Sciences and of Plant Sciences, Enirersitii of Oklahoma, 

Xorman. 


In order to obtain a better understanding 
of some of the changes which may take place 
in cells under the influence of bacteria and 
their products, a series of e.xperiments is 
being undertaken. The initial studies involved 
changes in the permeability of erythrocytes 
in the presence of a hemolytic bacterium. 

Ponder^ has reviewed the older literature 
on this general subject. Manj’ similar experi- 
ments have been performed since (Maizels-). 
In all of the work cited interest was centered 
on the actual hemolysis of the erythrocytes. 
In the present investigation the permeability 
of the cells prior to hemolysis was considered. 

The following data then are of interest not 
onlj’ with reference to the general problems 
mentioned, but also emphasize the care which 
must be exercised to eliminate the possible 
effect of bacterial contamination in perme- 
ability studies of erj'throcytes. 

Procedure. The test organism, Streptococ- 
cus bcta-hcmolyticus was secured from the 
American Tjpe Culture Collection. It was 
seeded on proteose No. 3 agar and incubated 

* The authors are indebted to the Faculty Be- 
search Fund of the TTniversity of Oklahoma for 
grants-in-aid. 

1 Ponder, E., The Mammalian Tied Cell and the 
Properties of Haemolytic Systems, Berlin, 1934. 

= SIaizels, M., Quart. J. Exp. Physiol., 1946, 
33, 1S3. 


for 24 hours at 37.5'C. An aliquot of the 
inoculum removed from the medium by wash- 
ing with sterile Ringer-Locke solution was 
added to an equal volume of heparinized 
chicken erythrocytes obtained by cardiac 
puncture. This suspension of erythrocytes 
and bacteria was incubated at 37.5'C. A 
control suspension was made up in a similar 
manner except that the organisms were omit- 
ted. .Vliquots were removed at varjdng in- 
tervals of time, and the permeability of the 
erythrocytes to glycerol was measured by the 
photronic cell technique employed by one 
of the authors (Hunter^). Change in volume 
of the eiythrocytes alters the amount of light 
transmitted to the photocell, hence the current 
induced and the “scale reading” of the gal- 
vanometer. The volumes of the erythrocjd.es 
maj- be routinelj- varied (1) b\- placing them 
in an isotonic solution of a penetrating sub- 
stance (0.3 gh'cerol) which ultimately 
results in hemolj-sis or (2) bj- placing them 
in a hj-pertonic solution of a penetrating sub- 
stance in Ringer-Locke solution (0.3 M gly- 
cerol in Ringer-Locke solution), which pro- 
duces a rapid shrinkage and a subsequent 
swelling. The light transmission is increased 
both by swelling and bj- hemolysis. In the 
hj-pertonic solution swelling alone is meas- 

3 Hunter, F. E., J. Cell, and Comp. Physiol., 1936 
9, 15. ' 
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T IME 


MINUTES 


Fig. 


Bate of BiTclling of cliicken erythrocytes exposed 
to test organism for varying times in 0.3 M 
glycerol in Eingcr-Locke solution. Q — control, 
0 hr; • — experimental, 0 hr; □ — control, 12 hr; 
■ — experimental, 12 hr; ^ — control, 24 hr; 
^ — experimental, 24 hr. 


ured. In the isotonic solution swelling pre- 
cedes hemolysis, but since the light changes 
associated with hemolysis are so much greater 
than those due to swelling, the hemolysis 
curves are almost completely a consequence of 
the loss of hemoglobin from the cells. 


Plates were poured to ascertain whether or 
not contamination had occurred: (1) when 
the blood was drawn, (2) after the ery'thro- 
• cytes had been centrifuged, (3) at the com- 
pletion of each experiment, and (4) on the 
Ringer-Locke solution just before use. Only 
data from experiments which were free of 
contamination are considered. After the ali- 
quot had been removed for the permrability 
studies further sterile precautions were not 
taken. Contamination introduced during the 
ten minutes or less required for the measure- 
ments would have had a negligible effect. 

Results. In general exposure to bacteria for 
several hours increased the permeability of 
the cells to gljxerol and decreased the time for 
hemolysis. (Fig. 1) To determine whether 
or not the change in hemoh'sis time was 
actually a consequence of a change in permea- 
bility, the rate of swelling was measured 
simultaneously in a hypertonic solution of 
0.3 M glycerol in Ringer-Locke solution. The 
swelling curves are shoira in Fig. 2. The de- 
crease in the hemolysis times varies directly 
with the increase in the rate of swelling. As a 
final check fragility measurements were made. 
Fig. 3 shows that cells exposed to the test 
organism for 7 hours are not more fragile than 
control cells. 

Discuss’wti. The time for hemolysis and the 
rate of swelling of the control cells change 
over a period of many hours. Such a change 
has been noted in previous work (Hunter*), 
and might well be predicted on the basis of 
observations such as those of Jacobs and 
Parpart.'’ Preliminary e.xperiments indicate 
that this change results at least in part, from 
volume changes of the cells. It is clear, how- 
ever, that with erj'throcytes the change is 
more marked in the presence of the test 
organisms. 

Prior to hemolj'sis a gradual alteration of 
the cell membrane is induced by the test 
organism. This is indicated by the change 
in permeability^ to the non-electrolyde, glycer- 
ol. Hence, in permeability studies in which 


•• Hunter, F. E., J. Cell, and Comp. Physiol., 1947 
29, 301. 

5 Jacobs, H, H., and Parpart, A. K., Biol. Bull., 
1931, CO, 95. 
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An Improved Device for Recording Activity of Rats. 

C. C. Scott and H, M. Worth. (Introduced by K. K. Chen.) 
From the Lilly Fesearcli Laboraiories, Eli lAlly and Comyany, Indionttpolts, Ind. 


Measurement of spontaneous activity of 
rats can be accomplished satisfactorily by the 
spring-suspended cage technique of Schulte 
and associates.*'- In these laboratories some 



PJG. 1. 

Details of appaiatus for recording movement of 
spring'suspenued cage. 


1 Sclmlte, J. W., Taintcr, M. L., and DiUo, J. M., 
Pnoo. Soc. Exp. Bioi,. akk Med., 1939 42, 242. 

= Schnlto, J. TV., Beif. E. G., Bachcr, J. A., Jr., 
La-irronce, TV. S., and Tiunter, M. L., J, Fharm. 
and Fxp. Thcrap., 1941, 71, go 


improvements have been made which add to 
the convenience, simplicity and perhaps the 
accuracy of operation. Essential features of 
the apparatus are shown in Fig, 1. The spring, 
cage and work-adder are much the same as 
previously described. The method of record- 
ing is different. Attached to the hub of the 
work-adder is a lever which can swing freely. 
This is pulled around b}*^ the work-adder wheel 
until overbalanced. It then falls to trip a mer- 
cury switch, completing a circuit momentarily. 
The switch is connected to a relay which 
activates a 110 v automatic counter. It is 
impossible for the falling lever to register 
more than once for each revolution of the 
work-adder. The possibility of the contact 
dipping in the mercury pool 2 or more times 
per revolution because of slight play in the 
Tvheel is thus eliminated. The automatic 
counter obviates the necessity for tedious or 
even inaccurate counting of signal marks on 
a record. 

The long spring which suspends the cage is 
constructed of steel music wire of 0.029 inch 
diameter. There are 180 turns in each spring 
which has an inside diameter of 13/32 inch. 
Galvanized screen of %-mch mesh is used 
in constructing the cages. The latter weigh 
about 400 g. For greatest sensitivit}', the 
weight of the cages should be small in re- 
lation to animal weight. It has been found 
convenient to mount 5 complete units of 
the apparatus on a framework of j4-inch 
aluminum rods. 

In practice, adult rats weighing around 
250 g are used. They produce optimal move- 
ment for the weight of our cages and the 
gauge of wire in the springs. There is much 
variation in the degree of activity of different 
animals. A selection is made of those which 
show good activity responses, the others being 
discarded. The selected rats are used re- 
peatedly with appropriate rest intervals. 

For studies of stimulating drugs, constant 
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1.0 0.8 0.6 0.4 0.2 0.0 

PERCENT NACL 


FlO. 3. 

Fragility of chicken erythrocytes. Q — control; 0— cells exposed to the test organism 
for 7 hr. 

erythrocytes are maintained for several days of chicken erythrocytes e.xposed to a sus- 
under conditions favoring sepsis, the possible pension of Streptococcus ^-hemolytkns was 
effect of bacterial action on the cell mem- increased after several hours of exposure to the 
branes must be considered. test organism. 

Investigations of this nature are being con- 2. Experimental cells tvere no more fragile 
tinued to determine the generality of change than controls. 

in the permeable properties of cells under 3. The possible theoretical implications of 
the influence of bacterial toxins. this work are indicated. 

Conclusions. 1. The permeability to glycerol 
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light and temperature of the room are re- striking. 

quired, as suggested by Schulte et al. Depres- Summary. An apparatus is described for 
sant drugs may be studied in the same ap- recording the activity of rats in spring-sus- 
paratus, but the room must be darkened to pended cages. The movements are auto- 
increase the normal activity. Changes, how- matically registered on a magnetic counter, 
ever, in studies of the latter type are much less 
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16067 P 

Reproduction in the Rat on Purified Diets Containing Succinylsulfa- 

thiazole.* 

Marjorie M. Nelson and Herbert ]M. Evans. 
from the Instilvtc of Experimental EioXopp, University of California, Bcrl-elcy, Calif. 


Nelson and Evans^ have shown that placing 
normal adult female rats on purified diets 
deficient in pantothenic acid 2-3 weeks before 
mating or even as late as the day of mating 
resulted in impaired reproduction, i.c. failure 
of implantation, resorptions, or defective lit- 
ters. The normality of the paired-fed controls 
receiving supplements of pantothenic acid 
eliminated the factors of inanition and of 
other possible specific dietary deficiencies as 
causes for these marked upsets in reproduc- 


* Aided liv gr.ants from the Board of Research 
and from tlic Department of Agriculture of the 
Univer.sity of California, and the Roehefcllcr 
Foundation. Now York City. The following mate- 
rials were generously contributed: synthetic 
ptcroylgintamie acid through the courtesy of Dr. 
T. H. .i likes of the Lcderle Laboratories, Pearl 
River, New York: snocinyl-sulfathiar.ole by Sharp 
:md Dohme, Ine., Glenolden, Pa.; crystalline B 
vitamins. C inethyl-l.t naphthoquinone and alpha- 
tocopherol from Merck and Company, Ine.. Rahway, 

t Nelson, M. M., and Evans, It. M., .1. .Viifrifioii, 
I'.Mfi. Bl, 4n7. 


tion. One of the possible dietary deficiencies 
thus eliminated under the experimental con- 
ditions was that of pteroylglutamic acid, 
which has since been shown to be necessary for 
optimal lactation in the rat maintained on the 
above-mentioned control diet." In the present 
communication we wish to report the repro- 
ductive behavior of adult females placed on a 
succinylsulfathiazole - containing diet (SST- 
diet) deficient in pteroylglutamic acid (PG-A) 
for various periods prior to mating. 

Experimental. Normal female rats (Long- 
Evans strain), 3 to 4 months of age were bred 
with normal males and placed on the deficient 
or control diet the day of breeding. Other 
groups of rats were maintained on the deficient 
diet for one, two, or three months and then 
bred as rapidly as possible. Vaginal smears 
were examined daily during gestation for the 
presence of erythrocytes, the sign that im- 
plantation has occurred; all rats were weighed 
at regular intervals. 

2 Nelson, M. M., .oiid Ev.ans, 

JUochcm., J;?. 205. 
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add after one to three months of the de- 
ficiency and on the relation of calorie restric- 
tion to these reproductive upsets on the SST- 
diet are in progress. 

Summary. Adult rats maintained on a puri- 


fied diet containing sucdn\dsulfathiazole and 
supplemented with all the ^own vitamins ex- 
cept pteroylglutamic acid from one to 3 
months before breeding showed impaired re- 
production. 


16068 

Effect of Estrogens on Malic Dehydrogenase of Rat Liver.* 
. W. F. ErwaYj Roland K. Meyer and W. H. McShan. 

From the Department of Zootopy, University of TTisconsin, Madison. 


The natural and sjmthetic estrogens are 
important in controlling the function of re- 
productive tissues, and they are also known 
to affect the metabolism and function of other 
tissues not directly concerned with reproduc- 
tion. It is probable that these changes depend 
basically on the part played by the estrogens 
in certain of the enzymatic processes con- 
cerned with cellular function. .As a means of 
obtaining information on these basic cellular 
processes McShan and ^leyer^ studied the 
effect of the estrogens on the succinoxidase 
system of liver and pituitarx' tissues. It was 
found that both natural and synthetic estro- 
gens were effective inhibitors of this system, 
and that the inhibition was mediated through 
the action of the estrogens with the cyto- 
chrome oxidase of the system. This work has 
been extended to the study of the effect of 
the estrogens on the malic dehydrogenase 
system using the method reported by Potter- 
for the determination of this dehydrogenase. 
In addition results are given on the activity 
of malic dehydrogenase when the cytochrome 
c of the sj'stem is replaced by brilliant cresyl 
blue. 

Expcrimcttlal. Male and female rats of the 


* Supported in part by the CommiUce on Ee- 
scarcli in Endocrinology of tbe National Beseatch 
Council, and by the BesearcU Committee of the 
Graduate School from funds supplied by the 'Wis- 
consin Alumni Eesearch Foundation. 

1 McShan, W. H.. and Meyer, B. K., Arch. 
Bioehem., IPiG, 0. Ido. 

= Potter, V. V,.. ,7. Bin!. Chem.. 104C, 1G5. SU. 


Sprague-Dawley strain which were three to 
four months old were used in these experi- 
ments. 

The rats were killed by decapitation and 
the tissues were removed immediately , weighed 
and placed in sharp-pointed homogenizing 
tubes containing 0.1 ml of glass-distilled 
water. These homogenizing tubes contaming 
the tissues were kept in an ice bath during 
homogenization and until the tissues were 
placed in the Warburg flasks. 

The method of Potter^ for the determina- 
tion of malic dehydrogenase was followed in 
these e.xperiments. Two and one-half per 
cent water homogenates of the liver tissue 
were used throughout. Conventional Warburg 
flasks nithout side arms were employed. The 
main compartment of the flasks contained, in 
addition to the desired amount of liver homog- 
enate, 0.3 ml of 0.5 1-malic acid, 0.6 ml of 
0.5 iSI glutamic acid, 0.6 ml of 0.1 IM 
nicotinamide, 0.3 ml of a 0.5% (5 mg per 
ml) solution of coenzyme I (diphosphopyri- 
dine nucleotide), 0.3 ml of 4 x 10^ cyto- 
chrome c, 0.4 ml of 0.2 ^I phosphate buffer 
pH 7.4, and enough water to make a final 
reaction volume of 3.0 ml. The center wells 
of the flasks contained 0.1 ml of 2X NaOH. 
.All solutions were made with glass-distilled 
water. 

The cytochrome c was made from beef 
heart muscle according to the method of 
Keilin and Hartree" e.xcept that the final 

Keiliu. D., and Hartrcc, E. F., Proe. Boti. Soc. 
f London). 1057. 122B, 2PS. 
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TABLE I. 

Beproduetion of Bats Maintained on Purified SST-Diets. 



Time exp. diets fed 


O 

tn 


Q 


rn 


o 


be 



Day of Mathig 

% % 

PGA — Supplemeutocl 

% 


% 


g 

10 

0 

PGA- 

0 

-Deficient. 

WO 

S7 

0 

s.r 

(3-11) 

5.9 

>> 

12 

0 

0 

100 

112 

0 

9.3 

(6-12) 

5.5 

35 Days before Alating 

10 

0 

10 

90 

04 

9 

7.1 

(2-10) 

4.7 

64 ” ” ” 

9 

0 

44 

5G 

29 

3 

5.8 

(3-9) 

o.S 

92 

10 

10 

33 

07 

32 

0 

5.3 

(2-9) 

5,5 


The PGA-deficient diet was composed of 
24% alcohol-e.xtracted casein, 63% sucrose, 
8% hydrogenated cottonseed oil (Crisco), 
4% salts, ^ and 1% succinylsulfathiazole. 
Crystalline vitamins per kilogram diet were: 
300 tig d-biotin, 5 mg 2-meth,vl-l, 4-naphtho- 
quinone, 5 mg thiamine HCl, 5 mg pyridoxine 
HCI, 10 mg riboflavin, 10 mg p-aminobenzoic 
acid, 20 mg nicotinic acid, 50 mg calcium 
pantothenate 400 mg inositol and I.O 
g choline chloride. Control rats received 
the identical diet supplemented with S.S mg 
synthetic pteroylglutamic acid per kilogram 
diet. Each rat received weekly a fat-soluble 
vitamin mixture containing 800 U.S.P. units 
vitamin A, IIS Chick Units vitamin D, 6 mg 
sjmthetic alpha-tocopherol, and 650 mg corn 
oil (Mazola). 

Results. Table I shows that the omission of 
pteroylglutamic acid from the SST-purified 
diet on the day of breeding did not interfere 
with reproduction. When the deficient diet 
was started one month before breeding, re- 
production was slightly impaired as shown by 

Elrehjem, oX 

niid H.nrt, B. B., J. Biol. Cliem., 1941, 138, 459. 


the occurrence of resorption and of young born 
dead together with the slight decrease in the 
number of young per litter and their weight 
at birth. Extending the deficiency to two 
months before breeding resulted in marked 
upsets in reproductive behavior. Almost half 
of the animals resorbed instead of littering and 
the average size of the litter ivas markedly 
decreased. A further extension of the deficiency 
period to 3 months before breeding did not 
result in any greater impairment of reproduc- 
tion. -Additional groups of animals placed on 
the deficient diet at an earlier age have shown 
essentially the same picture. 

It may be noted that no interference with 
'mplantation occurred in these PGA-deficient 
animals as was the case with pantothenic 
acid deficient animals during reproduction. 
.A considerably longer deficiency period (1-3 
months) was required to produce reproductive 
upsets with the SST-diet than was necessary 
for the pantothenic acid deficient diets (0-3 
weeks). The resistance of our rats to a 
‘■folic acid'' deficiency instituted after wean- 
ing has been previously pointed out." Studies 
on the curative effects of pteroylglutamic 
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TABLE n. 

Malic Dehydrogenase Activity of LiTer •'vith Estrogenic and Androgenic Inliibitors in Vitro. 


/ 

Control 

Q02 

Inhibitor 
Final molarity ' 

10-J M InUibitiott, % 

-Avg, % 



BicthylstilbestroJ. 


55.9 

22.3 

60 

44 

T9.7 

46.9 

42 


82.6 

57.3 

30 




Hexestrol. 


71.8 

21.3 

70 

75 

73.3 

26.6 

81 




Dienestrol. 


m.7 

60.3 

34 


90.8 

34.2 

63 


64.0 

42.7 

33 


65.8 

38.4 

32 

36 

79.2 

47.4 

40 


80.6 

74.8 

7 


S0.6 

48.2 

40 



Disoclium SA dinhciiyllicxane-p.p'-tlioxyacetate. 


64.0 

61.4 

4 


65.8 

59.7 

9 

6 

76.5 

77.5 

0 


85.4 

76.2 

11 




No. 020. 


84.2 

65.2 

23 

22 

78.3 

62.6 

20 




No. 103. 


84.2 

4.8 

94 

93 

78.3 

6.1 

92 




No. 221B2. 


90.7 

10.4 

89 

90 

90.8 

S.O 

91 



Na Androsteronc SOj. 


79.2 

75.0 

6 

0 

80.6 

80.9 

0 


80.6 

S0.9 

0 



dehydrogenase. From the data of Table III 
it can be seen that there is a range of optimum 
dye concentration, above and below which 
the oxygen uptake of O.ZS ml of liver homo- 
genate begins to decrease. This optimum 
range is from 0.125 to 0.75 mg of brilliant 
cresyl blue per flask contents contained in a 
total volume of 3 ml. As a result 0.5 mg of 
the dye was used per flask in the following 
experiments. 

Using an amount of brilliant cresyl blue 
which gives maximum activity (0.1 ml of a 
0.5% solution) varying amounts of tissue 
(from 0.05 ml to 0.35 ml) were used in an 
effort to determine whether the oxygen uptake 
was proportional to the concentration of 
tissue. .As can be seen from the data given in 
Tabfe^ IV', the Qo-. decreases fairly rapidly 
w ith increasing amounts of liver homogenate 
which shows that the axygen uptake was liot 


directly proportional to the amount of tissue 
reacting. Furthermore, when each of the re- 
agents was increased in turn to determine 
whether there was an insufficient amount of 
one of the constituents, a direct proportion- 
ality between oxygen uptake and the amount 
of tissue used was not obtained. 

The inhibiting power of diethylstilbestrol 
on the malic deh 3 'drogenase activity of liver 
^yas tested using cytochrome c alone, bril- 
liant cresyl blue alone and a combination of 
this dye and cytochrome c. A final concen- 
tration of 1 X 10-‘ M diethylstilbestrol was 
used m these in vitro studies. The data of 
Table V indicate that brilliant cresyl blue 
cap adequately take the place of cytochrome 
c m the malic dehydrogenase system in that 
under the conditions used the oxygen uptake 
js as hjgh in the presence of the dve as in the 
presence, of cytochrome c. This is in contrast 
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TABI/E I. 

Malic Doliydrogenase Actiritj- of Liver Homo- 
geflate. 


ml of 2.0% homogenate 


0.15 

0.2 

0.25 

0.3 

0.4 



Q02 




59.0 

— 

59.0 

57.4 


81.0 

— 

78.8 


05.4 

72.1 

07.6 





59.7 

60.0 

57.0 



53.7 

49.8 

45.7 


C4.4 

00.9 

— 





106.6 

101.3 





90.6 

93.0 

— 



product was dialyzed against glass-distilled 
water instead of 1% sodium chloride solution. 
The coenzyme I was prepared in our labora- 
tory according to the LePage modification of 
the Williamson and Green^ method of prep- 
aration. Both Eimer and Amend, and East- 
man 1 -malic acids were used, and values ob- 
tained with each were found to be in close 
agreement. 

Appro.'iimately 20 minutes elapsed betrveen 
the time the animals were killed and the 
placing of the flasks in the Warburg bath at 
38 °C. They were allowed to equilibrate for 
6 minutes, the manometer stopcocks ivere 
closed and readings were taken at 10, 20 and 
30 minutes. Q02 values were based on the 
average of these 3 readings. 

Results and Discussion. A series of deter- 
minations was made to ascertain -whether the 
oxygen uptake was proportional to the 
amount of liver homogenate used. In these 
runs, quantities of liver varying from 0.15 to 
0.4 ml of 2.5% homogenate were used. The 
data presented in Table I show that the 
oxygen uptake of the malic dehydrogenase 
system is essentially proportional to the 
amount of liver tissue used within a narrow' 
range of wet weight of tissue. There were 
several determinations made, how'ever, in 
w'hich an e.xact proportionality was not ob- 
tained. 

Several studies were made employing var- 
ious estrogenic compounds and sodium an- 
drosterone sulfate! as in vitro inhibitors of 
malic dehydrogenase activity of rat li ver. 

Clicm., 1940, 135, 345. 


The test system contained 0.25 ml of a 2.5% 
liver homogenate and 0.15 ml of 2 x 10-® M 
solution of the estrogenic compound. The 
estrogens employed were diethylstilbestro!, 
hexestrol, dienestrol and disbdium 3,4- 
diphen}dhexane-p,p'-dioxyacetate and ben- 
zestrol estrogenic compounds No. 020 (HO- 
CcHrCHo-CHCiHs-CHo-CcH^-OH), No. 103 
(HO-CcHi-CHCHg-CHo-CHCsHT-CeHj-OH) 
and No. 221B-2 (HO-CoH^-CHCnHs- 
CHC2H3-CHCHS-CGH4-OH). These inhibi- 
tors, with the exception of disodium 3,4- 
diphenylhexane-p,p'-dio.\'yacetate, w'hich is 
water soluble, w'ere dissolved in 0.5 ml w'ater 
that contained 0.03 ml of 2N NaOH after 
W'hich sufficient glass-distilled water w'as 
added to make 5 ml. Control flasks were run 
that contained 0.15 ml of a solution contain- 
ing 0.03 ml of 2N NaOH per S ml, and the 
addition of this w’eakly basic solution had no 
effect on the malic dehydrogenase values. 

The data presented in Table II indicate 
that the estrogenic compounds are efficient in- 
hibitors of the malic dehydrogenase activity 
of rat liver in vitro. The 8 compounds used 
are listed in the order of increasing inhibitory 
poTver: Androsterone sulfate 2% inhibition, 
disodium-3 ,4-diphenylhexane - p,p'- dioxj'ace- 
tate, 6%, No. 020 (benzestrol) 22%, dien- 
estrol 36%, diethylstilbestrol 44%, hexestrol 
75%, No. 221B2 (benzestrol) 90%, and No. 
103 (benzestrol) 93%. 

To determine whether malic dehydrogenase 
itself W'as inhibited, or whether the inhibition 
was effected through inhibition of cytochroine 
oxidase, cytochrome c w'as replaced by bril- 
liant cresyl blue. Preliminar)-- results indicated 
that the cytochrome c of the malic dehydro- 
genase system can be completely substituted 
for bj' brilliant cresyl blue. On the basis of 
these data and before doing further w'ork on 
the inhibition of this system by the estrogens, 
it was decided to determine the amount of the 
dye required for optimum activity of malic 

t Wo are iiulobtcd to the Abbott Laboratories 
and to Br. C. W. Sonderw, Wliite Laboratories, for 
the stilbestrol type estrogens, to Dr. A. H. Stuart, 
Sclieiffeliii Company, for samples of the benzestrol 
compounds, and to Dr. E. Oppenheimor, Hba Piiar* 
maceutical Produces, Jne., for the s^implc of sodium 
androsterone sulphate. 
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TABLE V. 

Iiillibition by Bk-tbylstilbcstrol of Malic Dcbydrogciiase of Liver L'sing Cytodiroino c aiul 
Brilliant Cresyl Bine. 




i 

Cytochrome e 

Cresyl blue 

Cytochrome 

c-Cresy] bli 





t 


Control 

Inhibitor* 

Control 

Inhibitor* 

Control 

Inhibitor' 

8L3 

34.4 

82.2 

G2.9 



- - 

G2.9 

3.5 

69.0 

61.6 





70.0 

13.0 

73.9 

71.0 

77.5 

71.3 

75.3 

27.2 

7S.7 

7S.6 

71.3 

68.9 

71.2 

0.9 

67.9 

59.8 

64.0 

61.9 

71.2 

7.1 

G9.2 

58.3 

64.0 

60.4 

74.8 

11.8 

75.1 

63.0 

70.1 

67.S 

Avg 72.8 

14.7 

73.7 

64.6 

69.4 

66.1 


* Bictbylstilbestrol, final concentration 1 x 10-* If, 


action. This does not seem unreasonable as 
cytochrome oxidase, through which the in- 
hibition was shown to be effected, is known 
to catalyze the oxidation of certain phenolic 
compounds. It is suggested that there is an 
affinitjf, therefore, between the active centers 
of the enzyme and phenolic groups. Thus, 
it appears that the phenolic groups 
of the estrogenic compounds combine with 
the active centers and remain attached to the 
enzyme which prevents the latter from act- 
ing. This mechanism was shown previously 
to account for the inhibition of the succin- 
oxidase system by estrogens.’^ 

Summary. The malic dehydrogenase ac- 
tivity of liver homogenate was shown to be 
proportional to the amount of tissue used. 

It was found that the cytochrome c of the 
malic dehydrogenase system could be re- 
placed by brilliant cresyl blue. The maximum 
activity of the dehydrogenase was obtained 
when the concentration of the dye ranged 


from 0.125 mg to 0.75 mg per flask. 

The inhibitory action of one androgenic and 
7 estrogenic compounds was tested on liver 
malic dehydrogenase in vitro. Stilbestrol and 
benzestrol estrogens are efifective inhibitors, 
but little inhibition occurs when the phenolic 
groups of the stilbestrol tiTre compounds are 
replaced by oxyacetate groups as for example 
in disodium 3,4-diphenylhexane-p,p'-dioxj'- 
acelate. In addition sodium androsterone 
sulphate which contains an alcoholic in place 
of a phenolic group shows very little inhibitory 
action. It appears that the presence of phe- 
nolic groups are necessary for inhibition to 
take place. 

It was concluded also from inhibitor studies 
with diethylstilbestrol, in which brilliant 
cresyl blue was substituted for cytochrome c, 
that diethylstilbestrol exerts its inhibitory ac- 
tion on cytochrome oxidase rather than malic 
dehydrogenase. 
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^ , ... TABLE III. 

Malic Deliydrogciiase Activity of Liver \Tith Varions Concexitratious of BrUlJaat: Cresyl Blue, 


Brilliant cresyl blue, 
mg/flask 


.0125 

.025 

.0375 

.05 

.0625 


EunI 


3.9 

25.6 

52.8 

62.3 

64.4 
76.0 


H 


0.0 


61.3 


Qo- 


in 


4.7 


66.7 


IV 


6.2 


Arg 


4 

26 

53 

62 

64 

68 


.125 

76.0 

77.6 

.25 

72.9 

77.6 

.325 

71.4 

69.1 

.5 

77.6 

77.6 

.75 

76.0 

77.6 


72.9 

— 


76 

71.4 

77,6 


75 

77.6 

— 


73 

76.0 

77.6 

74.5 

77 

69.8 

71.4 

— 

74 


1.0 

68.3 

55.1 

2.0 

57.4 

62.9 

3.0 

66.0 

59.8 

4.0 

49.7 

77.6 


77.6 

62.9 

55.9 

64 

60.5 

59.8 


60 

65.2 

53.5 


61 

62.9 

43.5 


58 


TABLE IV. 

Malic Deliydrogeuasc Activity ivith Brilliant Cresyl Blue* and Varying Concentrations of Liver 
^ Homog enate. 

Qoa 


0.05 ml 

0.1 ml 

0.15 ml 

0.2 ml 

0.25 ml 

0.3 ml 

0.35 mlt 

91.7 

92.4 

85.7 

77.0 

77,0 

74.1 


— 

74.2 

74.0 

— 

71.5 

66,4 

57.5 

100.7 

90.6 

108.1 

82.0 

66.4 

— 


— 

— 

85.6 

80.9 

71.2 

— 




88.9 

74.2 

85.0 

71.0 

— 


71.2 

87.6 

73.9 

71.6 

60.7 

— 


71.2 

68.2 

68.4 

58.5 

57.3 

C0.9 


106.9 

74.1 

62.4 

67.8 

68.0 

56.1 


■ 

■ 




- — 


— 

89.5 - 

82.3 

79.1 

74.7 

67,9 

64.4 

57.5 


• Concentration of brilliant cresyl blue was 0.5 mg per flask, 
t Liver lioraogenate was 2.5%. 


to the succinoxidase system in which the ac- 
tivity is decreased considerably when the dye 
is substituted for cytochrome c.®-^ The fact 
that this dye is autoxidizable in the presence 
of oxygen permits the malic dehydrogenase 
system to function without the action of cyto- 
chrome oxidase. Thus, if the estrogen inhibi- 
tion is taking place by way of cytochrome 
oxidase, the addition of brilliant cresyl blue 
to the system should result in the malic de- 
hydrogenase being essentially as active^ in 
the presence as in the absence of the inhibi- 
tor. The data of Table V show that this is 
the" case Diethylstilbestrol in a final con- 
centration of 1 X 10^ M is an effective in- 

’"TwellMalhwbe^^^ 1937, SI, 299. 


hibitor of the malic dehydrogenase system 
when cytochrome c is used, but when it is 
replaced with brilliant cresyl blue there is 
little inhibition, and there is even less when 
both cytochrome c and dye are present. 
These results support the concept that the 
estrogens inhibit the malic dehydrogenase sys- 
tem through action with the cytochrome oxi- 
dase of the system and not by direct action 
with the malic dehydrogenase. 

Furthermore, only those compounds that 
have phenolic groups inhibit the malic dehy- 
drogenase system, and when these groups are 
replaced by osyacetate groups little, if any, 
inhibition occurs. Also sodium androsterone 
sulphate which contains an alcoholic in place 
of a phenolic group does not show inhibitory 
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Fig. 1. 


The solution contained 5.73 mg Fe/cc and 
0.8SS mg P/cc, or a ratio of 3.7 Fe ; 1 P 
atom. The phosphorus appeared to belong to 
the iron hydroxide-phosphate micelles of fer- 
ritin since all of the phosphorus and iron 
could be dialyzed away on treating this fer- 
ritin with hydrosulfite at pH 4.6. This ma- 
terial was higher in P than was horse ferritin 
where the ratio is S or 9 Fe to 1 P atom. The 
ferritin contained 16.5% by dry weight of 
iron. 


Magnetic measurements on this sample gave 
a value of 3.90 Bohr magnetons (B.M.) per 
g atom of Fe, the susceptibility being meas- 
ured at 2S'’C. This value agrees within the 
limits of error with the value obtained for 
ferritin iron from horse and dog.® A sample 
of normal human ferritin kept in the ice-box 
for 3 years gave a value of 3.94 E.IM. 


ayiichaelis, L., Corrcll, C. D., and Granicl:, S., 
J. Siol Chem., 1943, 148, 403. 
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The Presence of Ferritin in the Duodenal Mucosa and Liver in 

Hemochromatosis. 

S. Granick and L. Michaelis.* 

Frovi the Lahoratories of the Soehefctler lusUtiite for Medical Research, Mew Fori- City. 


The etiology of hemochromatosis is un- 
known.i Recentl)^, work on ferritin has in- 
dicated that this substance is a normal iron 
storage protein of the body. Ferritin, by vir- 
tue of its storage property also appears to 
function in the regulation of iron absorption 
from the gut. The opportunity was presented 
of examining whether a relationship might 
exist between factors governing ferritin forma- 
tion and those which lead to huge deposits 
of iron in hemochromatosis. 

Case historj\‘ Presbyterian Hospital unit 
number 861951. Admitted March IS, died 
May 6, 1947. 

The patient was a housewife of 56, who had 
had diabetes mellitus and an enlarged liver 
for seven years. B. coU peritonitis, and bilat- 
eral oophorectomy in 1945. She developed 
congestive heart failure a year before admis- 
sion, without valve lesions or hypertension. 
Bronzing of the skin was not noticed until 
it was called to her attention. During her 
stay in the hospital auricular fibrillation and 
ascites appeared. Her diet was difficult to 
control, as she was disoriented at times. Small 
doses of standard insulin were used. The 
laboratory findings were: RBC 4,400,000, 
Hgb. 13.0 g, WBC 11,900, differential nor- 
mal. Serum alkaline phosphatase 10.1 Bodan- 
sky units, urea N 14 mgfo, bilirubin, trace, 
cholesterol 213 mg%, albumin 3.2%, globu- 
lin 2.4%, cephalin flocculation prothrom- 
bin time 24 sec., blood sugar varied from 70 
to 200 mgfo, serum COo content 55 vol.%. 
A biopsy from the left upper quadrant of the 
abdomen showed normal muscle, but hemo- 

*■ The ^vriters are indebted to Doctors Randolph 
West and H. P. Smith of the Departments of 
Medichte and Pathology at Columbia Dnirersily 
for the clinical record and the pathological mate- 
rial studied. . , TT ■ 

1 Siieldon, J. H., ffcmochromaiosts, Oxloid uni- 
versity Press, London, 1935. 


siderosis of the skin compatible with hemo- 
chromatosis. She died after 6 weeks, in con- 
gestive failure. 

Autopsy number 15,292: Death 12:15 
a.m., autopsy 2:00 a.m. Organs placed in 
ice-box, delivered to the Rockefeller Insti- 
tute 9 a.m. The findings were typical of 
hemochromatosis, both in the gross and micro- 
scopically, with marked cirrhosis of the liver, 
and fibrosis of the myocardium. There was 
an old mural thrombus at the apex of the 
left ventricle, infarcts of liver, spleen and 
right kidney, and an embolus in the left com- 
mon iliac artery. A terminal bronchopneu- 
monia and other incidental findings were 
noted. The liver weighed 2,210 g, spleen 220 
g, and heart 340 g. The pancreas showed 
moderate siderosis, the islets were not re- 
markable. The pituitary showed a large scar- 
red area in the pars anterior. 

Experimental. Ferritin was isolated from 
the liver and spleen by a procedure described 
previously.- The human ferritin precipitates 
from solution as broum spheroids, instead of 
well-defined crystals when CdSO< is added 
to a solution of ferritin. Further purification 
was attempted by dissolving the CdS04-pre- 
cipitate in ammonium sulfate (4 g/200 cc). 
On increasing the ammonium sulfate concen- 
tration up to 10 g/100 cc, a brownish slimy 
material could be centrifuged away. The re- 
maining deep brown solution precipitated out 
completely on dialysis against distilled water. 
This precipitate was dissolved by bringing it 
to pH 5 with acetate buffer and the proper- 
ties of the resulting solution were examined. 

Addition of CdSO^ to an aliquot of the 
solution resulted in a precipitate of brown 
spheroids with no suggestion of crystalline 
shape, indicating that this material was still 
impure. 

~2Gr^ok, S., ,r. Si^chem^i^0^140, 157. 
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Sparing Acrion of Protein on Pantothenic Acid Requirement of Rat 
in. Fibrin as the Protein Ckjmponent.* 


Masjohte if. Nelsox as'd Herbert 3*1. Evaks. 
From the Insiitute of Experimental Biology, XJniversity of California, 


The sparing action of protein on the panto- 
thenic acid requirement of the rat was first 
demonstrated by Nelson and Evans' with puri- 
fied diets, deficient in pantothenic acid, con- 
taining 64^0 instead of 24% casein, WTien 
intermediate levels (24%, 34%, 44%, 54%, 
and 64%) of casein were used, the sparing 
action as judged hy growth, sun,dval and 
urinary' excretion of pantothenic add of de- 
ficient rats was proportional to the casein 
level.- The presence of small amounts of 
“combined” pantothenic add in the casein 
used (and in all tj-pes of purified casein 
tested) prompted a study of the effects of 
24% casein diets supplemented with the 
amounts of pantothenic add occurring in the 
casein of the 44% and 64% casein diets. The 
results showed that the pantothenic acid con- 
tent of the purified casein used, while exercis- 
ing an effect, could not fully account for the 
protective action of the high casein diets.® 

However, it was felt highly desirable that 
a protein free from or considerably lower in 
pantothenic acid than casein be used in the 
further investigation of this problem. Pre- 
liminary- assays indicated that beef blood fi- 
brin, purified by washing with water or with 
dilute acid, was extremely low in pantothenic 
acid. The present communication reports the 
growth and surx-ival of pantothenic acid de- 
ficient rats maintained on diets containing two 
levels of purified fibrin, 24% and 48%, and 

’ Aided by grants from the Boche Anniversary 
Foundation, the Board of Bosearch and the Depart- 
ment of Agricnltore of the University of Califor- 
nia and the BockefcHcr Foundation, Mevr Tork 
City. Crysiatline B vitamins and alpha-tocopherol 
vrerc generously contributed by Slerct and Com- 
pany, Inc., Bahway, N.J. 

1 Xclson, It. IL, and Evans, H. if., Peoc. Soc. 
Exp. Eton, xim ilsn., 1945, GO, S19. 

2 Kelson, IL M., van Kouhuys, F., and Evans, 
H. It.. J. Xulrifion. 1947, JM, 1S9. 


Berl:dey, Calif. 

on the corresponding casein-containing diets. 

Experimental Procedure. Dried crude beef 
blood fibrin (Armour and Company) was pur- 
ified by washing with water for one week.t 
One kg of crude fibrin was placed in a 20- 
gallon crock and 15 gallons of water (either 
tap or distilled) added to it. The mixture was 
stirred thoroughly and allowed to settle. The 
supernatant liquid was siphoned off 2-4 times 
daily and fresh water added. Ten cc of chloro- 
form were used with each change of water as 
a preservative. After 5-7 days of washing, 
the supernatant was drained off and the 
fibrin filtered through a large Buchner funnel. 
Suction was maintained for several hours or 
overnight if necessary to dry out the fibrin 
cake. It was then broken up by sieving and 
dried for 24 hours in a low temperature oven 
{50°C). After grinding, the fibrin is ready 
for use in the diets. 

Microbiological assays for pantothenic acid 
were carried out by the method of Hoag, 
Sarett, and Cheldelin® with crystalline B vita- 
mins substituted for the rice bran extract 
and autoh'zed yeast in the assay medium. 
Enz 3 'matic digestion with clarase or mj'lase 
P for 24 hours at 37'C' followed by the 24- 
hour assay procedure was used for the puri- 
fied fibrin and casein. The water-washed fi- 
brin used in the diets averaged 0.5 pg panto- 
thenic acid per g whereas the alcohol-extracted 
casein contained 1.5-1.8 pg per g. There was 
considerable variation in the pantothenic acid 
content of different lots of fibrin after wash- 
ing and additional purification was sometimes 

f The procedure for washing the fibrin was that 
used by D, H. Copp (Department of Physiology, 
University of California). 

2 Hoag, E. H., Sarett, H. P., and Cheldclin, T. H., 
■r. Jr.B. Eng. Cheru, Anal. Ed., 1945, 17, CO. 

■•Ives, 2L, and Strong, P. II., Arch. Biochem., 
1946, O, 251. 
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Reprecipitation of the brown solution with 
CdSO^ yielded about 1.2 cc of packed globules 
per 100 g of fresh liver. This is the highest 
content of ferritin yet obtained from human 
livers.- Ferritin was also isolated from the 
spleen and had properties of solubility and 
precipitability with CdS 04 similar to those 
of the liver material. However, only about 
0.11 cc of packed reprecipitated ferritin glob- 
ules per 100 g fresh spleen ivere isolated. 

A homogenate, prepared from a piece of 
liver by grinding in a Waring blender and 
further comminuting in a TenBroeck grinder 
ivas subjected to magnetic measurements. It 
had a value of 4.0 B.M. per g Fe atom. The 
iron in this homogenate consisted for the 
most part of ferritin and of hemosiderin gran- 
ules, with a relatively negligible contribution 
from the iron porphyrin pigments. It is inter- 
esting that this value is not essentially differ- 
ent from the value of ferritin itself, probably 
indicating that the hemosiderin granules in the 
liver contain iron in the same structural con- 
figuration as in ferritin, A somewhat lower 
value for hemosiderin granules was obtained 
from horse spleen (B.M.=3.4).''’ 

The duodenal mucosa was tested for fer- 
ritin by adding CdSO^ to scrapings of the 
mucosa on a glass slide and examining it after 
24 hours. Brown crystals of ferritin were ob- 
served in this material (Fig. 1). The crystals 
were better defined, with sharper outlines, 
than any human ferritin crj^stals seen pre- 
viously. The presence of the crystals is evi- 
dence for the presence of ferritin in the duo- 
denal mucosa. Normal human mucosa has 


not yet been examined for the presence of fer- 
ritin. 

Dhcmsion. The fact that ferritin can be 
found in the duodenal mucosa, spleen, and es- 
pecially abundantly in the liver, indicates 
that hemochromatosis is not brought about 
by a failure to produce the specific protein 
apoferritin. The magnetic measurements on 
the ferritin of the liver also indicate that the 
structural configuration of the iron hydroxide- 
phosphate of the ferritin is normal, although 
its phosphorus content appears to be somewhat 
high. 

The idea has often been suggested that the 
mechanism governing the intake of iron 
through the intestinal mucosa might be dam- 
aged or non-functional in hemochromatosis. 
If ferritin is assumed to play a role in the 
regulation of, iron absorption'* then the pres- 
ence of ferritin in the duodena] mucosa does 
not support the idea that the regulatory 
mechanism of iron-absorption is directly af- 
fected. 

In general, the normal blood picture in 
hemochromatosis and also the high level of 
iron in the serum suggest that the transport 
of iron is adequate. 

The extremely high ferritin content of the 
liver and the normal magnetic values for 
ferritin iron indicate that the mechanism for 
iron storage is functioning at capacity. 

Concbision. The cause of hemochromatosis 
does not appear to be a defect in the forma- 
tion of ferritin in the duodenal mucosa or the 
liver. 

4Graaiclc, S., J. Biol Chem., 194G, 164 , 737. 
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TABLE I. 


Effect of Casein and Fibrin Levels on Growth and Survival of Pantothenic Acid Deficient Bats. 


Dietary 

protein 

2Co. of 
rats 


Survival 


Avg 
body wt 
Day 60 
g 

Survival 

Avg 
body wt 
Day 90 
g 

Dav 30 
% 

Day 45 
% 

Day 60 
% 

Day 75 
% 

Day 90 
% 

24% fibrin 

30 

83 

60 

23 

72 

3 

3 

73 

48% ” 

30 

97 

77 

57 

86 

43 

33 

111 

24% casein 

20 

100 

80 

60 

93 

50 

40 

117 

48% ” 

20 

100 

95 

85 

105 

55 

45 

132 


tent of the washed fibrin is the obvious factor 
responsible for the accentuation, although 
other possibilities such as the presence of 
accentuating factors, decreased intestinal syn- 
thesis, or the lack of biotin and folic acid”-® 
cannot be eliminated without investigation. 
Sarma, Snell and Elvehjem® have reported an 
accentuation of pyridoxine deficiency when 
fibrin-containing diets were used and believed 
that the accentuation was greater than could 
be accounted for by the decreased pyridoxine 
content of the fibrin diets. 

Fibrin and casein are similar in amino acid 
content^** but are markedly different in regard 
to phosphorus content. Fibrin is extremely 
low in phosphorus and is frequently used for 
studies of phosphorus deficiency, while casein 
a conjugated phosphoprotein, contains some- 
what less than 1% phosphorus. Doubling the 
proportion of fibrin in the diet does not 
significantly affect the phosphorus content 
whereas doubling the proportion of casein 
markedly increases the phosphorus concentra- 
tion of such diets. The phosphorus content of 
the diets used (calculated from the phosphorus 

I Wriglit, L. D., and Welcli, A. D., Science, 1943, 
07, 426. 

s Wright, L. D., and Welch, A. D., J. Xuirition, 
1944, 27, 55. 

9 Sarma, P., Snell, E. E., and Elvehjem, C. A., 
J. Biol. Chem., 1940, ICtJ, 55. 

10 Block, R. .T., and Bolling, D., The Avuno Acid 
Coinpositioii of Proteins and Foods, 1945, Cliapter 
X, p. 300, Charles C. Thomas, SpringScld, HI. 


analyses of purified fibrin and casein* and the 
composition of the salt mixture) are as fol- 
lows: 24% fibrin diet — 0.6%; 48% fibrin 
diet — 0.6%; 24% casein diet — 0.7%; and 
48% casein diet — 0.9%. The fact that an 
increased phosphorus content is unnecessary 
for the sparing action of high fibrin diets in- 
dicates that phosphorus can be eliminated as 
a possible factor in the sparing action of 
protein on the pantothenic acid requirement 
of the rat. 

Summary. The sparing action of protein 
on the pantothenic acid requirement of the 
rat has been confirmed by using a protein 
considerably lower in pantothenic acid, washed 
beef blood fibrin, instead of casein as the 
protein component of the diet. Despite the 
accentuation of the pantothenic acid deficiency 
produced by substituting purified fibrin for 
casein at the 24% level, doubling the fibrin 
level resulted in significantly better growth 
and survival. The differences in growth and 
survival between the two protein levels in the 
fibrin-containing diets were more pro- 
nounced than those observ'ed for the casein- 
containing diets. The protective effects of 
the high fibrin diet indicated also that phos- 
phorus can be eliminated as a possible factor 
concerned in the sparing action. 

+ The phosphorus analyses were carried out by 
Miss Genevieve Beach through the courtesv of 
V. H. Copp. The water-washed fibrin contained 
0.045% and the alcohol-e.vtractcd casein 0.61% 
phosphorus. 
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necessary. Other methods of purification are 
being investigated in order to prepare fibrin 
completely free of pantothenic acid for bal- 
ance studies. 

The basal diet contained 24% alcohol- 
extracted casein or water-washed fibrin, 64% 
sucrose, S% hydrogenated cottonseed oil 
(Crisco) and 4% salts No. 4,® The proportion 
of casein or of fibrin in the higher protein 
diets was increased to 48% at the expense 
of the sucrose. All diets contained the follow- 
ing crystalline vitamins per kg diet: 5 mg 
2-methyl'l, 4-naphthoquinone, 5 mg thiamine 
HCl, 5 mg pyridoxine HCl, 10 mg riboflavin, 
10 mg p-aminobenzoic acid, 20 mg nicotinic 
acid, 400 mg inositol, and one g choline 
chloride. Each rat received weekly a fat- 
soluble vitamin mixture containing 650 mg 
corn oil (Mazola), 800 U.S.P. units vitamin 
A, IIS Chick Units vitamin D, and 6 mg 
alpha-tocopherol. The basal diet containing 
24% casein is the high-carbohydrate diet used 
in previous studies^-- with the addition of 
2-methyl-l, 4-naphthoquinone to the vitamin 
mixture. The previous weekly allowance of 
the fat-soluble vitamins has been doubled. 

In the first series of animals, 20 litters of 
male rats (Long-Evans strain) were divided 
into 4 equivalent groups and placed on the 
pantothenic acid deficient diets containing 
24% or 48% casein or fibrin at weaning. 
An additional series of 10 litters of male rats 
were divided into equivalent groups and placed 
on the 2 fibrin diets at weaning. All animals 
were maintained in individual cages provided 
with screens to prevent coprophagy. 

Results and Discussion. The growth of 
littermates (20 rats per group) maintained on 
24% and 48% casein or fibrin diets deficient 
in pantothenic acid is shoivn in Fig. I, while 
Table I presents the data on growth and sur- 
vival for the combined series of animals. The 
sparing effect on growth and survival of doub- 
ling the casein level (24% to 48%) is evident 
although the effect is not as great as it would 
be in a longer experimental period or with 
higher casein levels." The substitution of puri- 
fied fibrin in the 24% casein diet resulted in 

Elvehje^ C. A., 

and Hart, E. B., Biot. Chem ., 1941, 138, 460. 
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Pic. 1. 

Growth of pantothenic acid deficient rats main- 
tained on purified diets varying in casein or fibrin 
level. 

A. 24% fibrin diet. 

B. 48% ” 

0. 24% casein " 

D. 48% ” ” 

a marked accentuation of the deficiency, shown 
in the greatly decreased growth and survival 
in comparison to all other diets. Despite the 
severity of the deficiency, doubling the fibrin 
level {48% fibrin diet) resulted in significant- 
ly increased growth and survival. In fact, the 
differences in growth and survival were greater 
than those between the 24% and 48% 
casein diets during the short e.xperimental 
period. 

The accentuation of the deficiency observed 
on the 24% fibrin diet was not due to the 
lack of any essential factors in the purified 
fibrin. Control rats receiving the 24% fibrin 
diet supplemented with calcium pantothenate 
grew slightly faster than littermates receiving 
the supplemented 24% casein diet. This is in 
agreement with the findings of Risser® that 
fibrin, both crude and pharmaceutical grades, 
was somewhat higher in biological value than 
casein. The decreased pantothenic acid con- 

OBisser, W. C., J. Nutrition, 1946, 32, 485. 
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maintained (2) androgens have a repara- 
tive influence;® (3) the results of one es- 
peciallj' favorable case of testis graft in a 
female showed localized inhibition of the ovi- 
duct, more extensive persistence of the wolf- 
flan duct. 

Some new observations contribute comple- 
mentar}'- data on the manner of action of 
the testicular secretion. In 3 males unilateral- 
ly castrated betu’een the ages of 19 days 6 
hours and 20 days 21 hours, the prostate and 
the external genitalia are well developed, but 
the single testis acts less effectively on the 
primordia of the opposite side. In a fetus with 
only a right testis, of somewhat under normal 
size, the vas deferens is present only on the 
right side, while on the left, a uterine horn 
persists. It follows that after early unilateral 
gonadectomy the action of the fetal testis 
is relatively localized. .■\ single testis or a 
fragment of a testis (as appears in the case of 
an incomplete castration) does not seem to 
undergo compensatory secretory' hy^iertrophy; 

s .Tost, A., C. V. Soc. Biot., 1947, 141, 275. 


with regard to this point, it should be re- 
membered that the hypophysis is not indis- 
pensable for embryonic sexual differentia- 
tion.*’-’*’-'^ Lastly, some of our observations 
suggest that more testicular secretion is re- 
quired to completely inhibit the mullerian 
ducts, than to maintain the wolffian ducts. 

Conclusion. In the male rabbit, early fetal 
castration (before the 2l5t day) prevents the 
formation of male secondary sex characters 
such as the prostate. At a later stage (24 
days) established primordia continue their 
development even after ablation of the testes; 
the resulting structures are usually sub- 
normal. The effects induced by testicular se- 
cretions are sometimes regionally restricted. 
Earlier obsen'ations on the differentiation and 
persistence of female genital ducts after early 
orchidectomy are confirmed and e.xtended. 

9 Ancel, P., ies Eormones Sexuclles, Colloque 
Singer Polignac, Paris, 1937, Hermann. 

10 Wolff, E., and Stoll, E., C. B. Soc. mol., 1937, 
120, 1215. 

11 Pugo, X., J. Exp. Zool., 1940, So, 271. 
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The Lymphoid Tissue and Antibody Formation. 

James B. Murphy and Ernest Sturm. 

From the Lahoratoricii of the Eoche feller Institute for Medical Eescarch, Keic Tori: City. 


Several early investigators in immunology' 
considered the possibility that the spleen was 
the main site of antibody formation, but con- 
clusive evidence for this was not found. Hek- 
loen.' using the well-known fact that X-ray- 
produces a destructive effect on all h'mphoid 
tissue, demonstrated that antibody formation 
is restrained to a marked degree in X-rayed 
animals. He concluded from this observation 
that the spleen, lymphoid tissue and bone 
marrow ivere the principal sites of immune 
bodies. Murphy and Sturm= confirmed Hek- 

1 Hektoen, L., J. Infect. Vis., 1915, IT, 415; IDIS, 
22, 2S; 1920, 27, 23. 

= .Murplir, .T. B.. .and Sturm. E., J. Exp. Med.. 
192.5, 41, 24.5. 


toen’s findings but considered that they had 
eliminated the bone marrow as of first im- 
portance in the process. This conclusion ivas 
based on the fact that depletion of the 
lymphoid tissue ivas effected by repeated, 
small doses of X-ray of low penetration which 
produced no detectable damage to the bone 
marrow or other tissues. Yet animals treated 
in this manner were found deficient in the 
production of antibodies. In addition, these 
investigators demonstrated that rabbits, after 
stimulation of the ly’mphoid sy'stem bv dr%' 
heat treatment, had an enhanced ability' to 
produce immune substances. Hussev^ in this 

3 Hussey, E. G., Peoc. Soc. Exp. Bion. and Med , 
1921, 10, 22. 
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The Age Factor in the Castration of Male Rabbit Fetuses. 

A. JosT. (Introduced by E. Witschi.) 

From the Laboraioire de Physiologic GenSrale du 
Museum National d'Eistoire Naturelle, Paris. 


In previously reported experiments on intra- 
uterine surgical castration of rabbits, it was 
ascertained that the fetal gonads play some 
part in somatic sexual differentiation. In con- 
trols, the first somatic sexual differences ap- 
pear on the 20th day;^ and prostate buds 
appear at 21 days. At 27-28 days, genital 
organogenesis is practically completed; all con- 
trol and experimental fetuses were dissected 
and preserved at that age. The following ob- 
servations were published recently: (1) males 
gonadectomized at 23 days (4 cases) ac- 
quired nearly all male characters, but the 
deferent ducts and ampullae were partly in- 
voluted;-'** (2) in males castrated at 22 
days (2 cases) the wolffian ducts had dis- 
appeared, but vestiges of mullerian ducts 
were present; the prostate was reduced and 
the external genitalia were abnormal.'* (3) 
In a group of males castrated at 21 days, 3 
out of 8 retained some wolffian vestiges; the 
other S had none; the mullerian ducts per- 
sisted and had differentiated into mullerian 
vagina, uterine horns, and sometimes, ovi- 
ducts. In microscopic sections, the external 
genitalia presented a feminine aspect. Only 
2 rudimentary prostatic buds had developed; 
they correspond to the cranial prostate, which 
is first to appear in normal development. 
(4) There were great similarities between 
fetuses of both sexes castrated at this age, but 
only the males had prostatic buds.® 

It was the aim of the now to be presented 
new series of e.xperiments to determine: (1) 
whether male fetuses may acquire and retain 
normal male characters, if castrated after the 

58 ^ 

2 Jsst, A., C. S. Soc. Biol, 1946, 140, 774. 

3 Jost, A., C. B. Soc. Biol, 1946, 140, 938. 

4 Jost, A., C. B. Soc. Biol, 1947, 141, 126 

5 Jost, A., C. B. Soc. Biol, 1947, 141, 135. 


23rd day, and (2) whether their prostate 
development may be suppressed completely, 
if castrated before the 21st. The following 
results were obtained. 

Two males, gonadectomized at 24 days, 
continued to develop according to the male 
type, retaining their deferent ducts and 
ampullae. The size of the prostate is somewhat 
below normal. 

In fetuses operated before the age of 21 
days, the following conditions were observed: 
3 males castrated at 20 days developed and 
retained female genital tracts, but also had 
2 prostatic buds. In 2 males gonadectomized 
at 18 days 19 hours, and 19 days S hours, 
i.e., before the initiation of somatic se.xuai 
differentiation, prostatic development was en- 
tirely suppressed. Another male, castrated at 
the same age, and treated with testosterone 
propionate, exhibited a large prostate. 

Thus, in order to suppress completely the 
formation of prostates, it is necessary to 
castrate the embryos before the development 
of their primordia. After primordia have 
reached a certain stage of development, es- 
pecially from the 23rd day on, they continue 
growing and branching, in spite of the ab- 
sence of the testes. However, they are some- 
what reduced in size; this point should be 
checked by a quantitative study like that 
devoted to the rat by Weils.® One may •wonder 
whether Moore’s opossums were already too 
old for prostate development to be suppressed 
when they 'ivere gonadectomized.'^ 

Three groups of facts suggest that the testis 
e.xerts its influence by means of actual se- 
cretions: (I) in males unilaterally castrated 
at 22 or 23 days, the wolffian ducts are fully 

6 Wells, h. J., Peoc. Soa. Exp. Biol, and Med., 
1946, 63, 417. 

7 Moore, C. K., J. Exg. Zool, 1943, 94, 415. 



Lymphoid Tissue and Antibody Formation 


303 


maintained (2) androgens Lave a lepaia- 
live influence;® (3) the results of one es- 
pecially favorable case of testis graft in a 
female showed localized inhibition of the ovi- 
duct, more extensive persistence of the wolf- 
flan. duct. 

Some new observations contribute comple- 
mentary data on the manner of action of 
the testicular secretion. In 3 males unilateral- 
ly castrated between the ages of 19 days 6 
hours and 20 days 21 hours, the prostate and 
the external genitalia are well developed, but 
the single testis acts less effectively on the 
primordia of the opposite side. In a fetus nath 
only a right testis, of somewhat under normal 
size, the vas deferens is present only on the 
right side, while on the left, a uterine horn 
persists. It follows that after early unilateral 
gonadectomy the action of the fetal testis 
is relatively localized. A single testis or a 
fragment of a testis (as appears in the case of 
an incomplete castration) does not seem to 
undergo compensatory secretory' hypertrophy; 

~’s Soc. Biol, 1947, 141, 275. 


with regard to this point, it should be re- 
membered that the hypophysis is not indis- 
pensable for embryonic sexual differentia- 
tion.*'^'’-“ Lastly, some of our observations 
suggest that more testicular secretion is re- 
quired to completely inhibit the mullerian 
ducts, than to maintain the wolffian ducts. 

Conclusion. In the male rabbit, early fetal 
castration (before the 2 1st day) prevents the 
formation of male secondary sex characters 
such as the prostate. At a later stage (24 
days) established primordia continue their 
development even after ablation of the testes; 
the resulting structures ate usually sub- 
normal. The effects induced by testicular se- 
cretions are sometimes regionally restricted. 
Earlier observations on the differentiation and 
persistence of female genital ducts after early 
orchidectomy are confirmed and extended. 

9 Ancel, P., Les Sormones Sexuelles, Colloque 
Singer Polign.'ic, Paris, 1937, Hermann. 

10 Wolff, E., and Stoll, R., C. B. Soc, Bioh, 1937, 
120, 1215. 

11 Pugo, N., J. Bxp. Zoo}., 1940, 83, 271. 
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From (lie Lahorniorics of tlic BorkefeUer InstUiile for ifedical Bcscarch, New Xorf: Cit.v. 


Several early investigators in immunology 
considered the possibility that the spleen was 
the main site of antibody' formation, but con- 
clusive evidence for this was not found. Hek- 
toen,’ using the well-known fact that X-ray 
produces a destructive effect on all lymphoid 
tissue, demonstrated that antibody formation 
is restrained to a marked degree in X-rayed 
animals. He concluded from this observation 
that the spleen, lymphoid tissue and bone 
marrow were the principal sites of immune 
bodies. Murphy and Sturm^ confirmed Hek- 

1 lleWoon, L., .T. Infect. Dis., 1915, 17, 415; 191^ 
22, 28; 1920, 27, 23. 

2 Murpliy, .T. B.. .-ind Stum, E., J. Exp. Med., 
1925, 41, 245. 


toen's findings but considered that they bad 
eliminated the bone marrow as of first im- 
portance in the process. This conclusion was 
based on the fact that depletion of the 
lymphoid tissue was effected by repeated, 
small doses of X-ray of low penetration which 
produced no detectable damage to the bone 
marrow or other tissues. Yet animals treated 
in this manner were found deficient in the 
production of antibodies. In addition, these 
investigators demonstrated that rabbits, after 
stimulation of the lymphoid system bv drv 
heat treatment, had an enhanced ability to 
produce immune substances. Hussey® in’ this 

3 Hussey, R. G., Pboc. Soc. Exp. Bioi,. and Med 
1921, 19, 22. 
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laboratory found that if the lymphoid system 
of guinea pigs is kept in a depleted state by 
X-ray following a sensitizing injection of horse 
serum, the animals show no anaphylactic man- 
ifestations on receiving a second injection of 
serum. In such animals the antigen continues 
free in the circulation as long as the X-ra}'’ is 
continued. McMaster and Hudack* have clear- 
ly demonstrated that antibodies may be 
formed in lymph nodes but their experiments 
did not eliminate the possibility that cells 
other than lymphocytes participated in the 
reaction. Ehrich and Harris® have extended 
these observations and on the basis that the 
tissue response accompanying the formation 
of antibodies in the nodes is predominately 
a lymphoid one, they consider these cells as 
the important factor in the development of 
immune substances. Harris, Grimm, Martens 
and Ehrich,® in a study of the antibodies in 
the lymph, found when the lymphocytes are 
separated from the lymph plasma that the 
titer of the cell extract was substantially and 


sion of the production of antibodies. 

In the present investigation an estimate has 
been made of the antibody formation in ani- 
mals with extreme hypertrophy of the lymph- 
oid system which follows the removal of the 
adrenal glands. The release of the antibodies 
from the lymphocyte under these conditions 
would be due to the normal shedding of the 
cjdoplasm as the cell matures. In the absence 
of the adrenals there can be no question of 
the cortical hormones playing any part in 
the reaction. 

Circulating Lymphocytes in Adrenalecto- 
mhed Rabbits. The circulating lymphocytes 
show a definite but not marked rise following 
removal of the adrenals. This increase is in 
the average range of 4000 cells per mm®, 
which is considerabl}' less than that observed 
for mice and rats. However, if adrenalecto- 
mized rabbits are given an antigen, the lymph- 
ocyte count shows a marked increase up 
to an average of over 14,000 cells while 
normal rabbits under the same condition have 


consistently higher than that of the lymph 
plasma. This is taken to indicate that the 
lymphocytes either produce antibodies or 
take them up from lymph plasma. As no evi- 
dence for the latter was found, they believe 
that the lymphoid cells are the responsible 
agents. Dougherty, Chase and White' noted 
that the antibody^ content of the blood is in- 
creased following the administration of adren- 
al cortical extract, a fact which they attributed 
to the destructive action of the hormones on 
the lymphocyte with the release of the anti- 
bodies supposedly formed in the cytoplasm 
of these cells. Philips, Hopkins and Freeman® 
found no such increase when the lymphoid 
tissue is destroyed by nitrogen mustard and 
such treatment may result in an actual depres- 

~7McMaster, P. and Hudack, S. S., /. 


Med., 1935, 01, 783. 

5 Ehricli, W. E., and Harris, T. N., J. Exp. Med., 
1S42, 7C, 335; Science, 1945, 101, 28. 

e Harris, T. N., Grimm, E., Mertcns, E., and 
Ekricli, V. E., /• Exp. Med., 1945, SI, 73. 

T Dougherty, T. F., Clmse, J. H., and White, A., 
Proo. Soc. Exp. Biol, anb Med., 1944, 5G. 28; 


«>o, xoo. ^ ^ 

sphiHps. F. S., HopWns, P. H.. and Freeman, 
M. L. H., J- Immunol., 1947, 53, 289. 


only a slight increase. 

Antibody Formation in Adrenaketomhed 
Rabbits. Experiment 1 . The adrenals were re- 
moved from 2 rabbits and immediately after- 
wards these animals and normal controls were 
given 10 cc of horse serum intraperitoneally. 
Ten days later, all were bled and the sera 
tested for precipitins. The sera from the 
adrenalectomized rabbits gave massive pre- 
cipitates in the low dilutions, and definite 
positive reactions in dilutions of 1 to 640 in 
one serum and in dilutions of 1 to 2S60 in the 
other. The serum from the control gave far 
less precipitate in low dilutions and there 
were no precipitates in dilutions higher than 
1 to 320. 

Exp. 2. The adrenals were removed from 
7 rabbits and between 2 and 3 weeks later 
these with four controls were given five intra- 
venous injections of horse serum, consisting 
of 1 cc, at 2-day intervals. All of the rabbits 
were bled 10 days following the last injection 
and the sera tested for precipitins. The re- 
sults are given in Table I. It will be noted that 
all of the sera from adrenalectomized rabbits 
gave definite precipitates in dilutions up to 
1:2560 and 4 were positive in 1:S120. Only 
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one control serum was positive in dilution of 
1 :2560 and in the others there was no reaction 
above 1:320. Far more striking than the 
difference between the two groups shown by 
dilution, is the difference in the volume of the 
precipitates in the lower dilution (Fig. 1). 

Exp. 3. This experiment was carried out 
to compare the development of agglutinating 
antibodies in adrenalectomized and intact 
rabbits. A 24-hour slant culture of Salmonella 
entcritidis (mouse typhoid) was washed off 
with saline and the suspension heated on 3 
consecutive days for IS minutes, at 56°C. In 
preliminary tests it was found that while in- 
tact rabbits would withstand the intravenous 
inoculation of 1/10 of a culture, the adren- 
alectomized ones were killed by 1/1000 given 
intravenously and by 1/100 of a culture 
inoculated subcutaneously. The following 
method of immunization proved successful. 
Two adrenalectomized' rabbits and tu'o con- 
trols were each given 5 subcutaneous inocula- 
tions at 4-day intervals, starting with 1/300 
of a killed culture and gradually increasing the 
amount up to 1/10 for the last inoculation. 
The animals were bled 10 days after the last 
injection and the sera tested for agglutinins 
against the organisms. The sera from the in- 
tact rabbits agglutinated up to dilutions of 
1 to 40 and 1 to 80, respectively. The serum 
from the first adrenalectomized rabbit reacted 
at dilutions of 1 to 640 and the other was 
definite at 1 to 1280, the highest dilution used. 

E§ccl oj Adrenal Cortical Hormones on 
Antibody Formation in Adrenalectomized 
Rabbits. The marked over-development of the 
lymphoid system which follows removal of 
the adrenals may be prevented by the admin- 
istration of adrenal cortical hormones. In 
the following experiment, the effect of sup- 
pressing the lymphoid development by the 
hormone treatment was tested on the anti- 
body formation. 

Two adrenalectomized rabbits were given 
23 daily injections of 1 cc each of adrenal 
corte.x hormones in oil, which was equivalent 
to 40 rat units or 2 mg of 14-oxj'--ll-deh3'dro- 
corticosterone (Upjohn Co.). This covered 
the period following the operation and ex- 
tended through the period of immunization 
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’ Anti Horse Serum from Adrenalectomised Rabbit ' 



Pig. 1. 


with horse serum. A third rabbit Yvas given 
daily doses of one cc of Eschatin (Parke 
Davis and Co.). Each cc of this preparation 
is equivalent to SO dog units. These animals 
with 2 untreated adrenalectomized rabbits 
and 2 intact controls were immunized with 
horse serum as in the previous experiment. 
The test of the sera showed no material 
difference in precipitin formation in hormone 
treated and untreated adrenalectomized rab- 
bits. The intact controls gave far less response 
as in the preceding test. 

Discussion. Ehrich and Harris®’® in a series 
of papers have adequately discussed the evi- 
dence that the lymphocyte is a factor in 
antibody formation. The experiments reported 
above are essentially a confirmation of our 
earlier observation," that animals with hyper- 
trophied lymphoid systems have an enhanced 
ability to produce antibodies. In the earlier 


tests dry heat was used as the stimulus; in 
the present study advantage was taken of the 
ivell-knoivn fact that e.vtensive overdevelop- 
ment of the entire lymphoid tissue lollows 
removal of the adrenals. If the immune sub- 
stances are present in the cytoplasm of the 
lymphocyte and there is evidence for this 
belief, the release into the circulation is 
probably due to shedding, w’hich is known to 
occur as the lymphocyte matures. One of our 
tests confirms the obsen'ation of Dougherty, 
Chase and White" that the release of anti- 
bodies may be definitely augmented by adren- 
al cortical hormones. The present e.Yperiments 
demonstrate that the hormone is not essential 
for this release and therefore, strictly speak- 
ing, antibody production is at least not entirely 
under the control of the adrenals. 

Summary. .'\drenaIectomized rabbits with 
hypertrophy of the lymphoid tissues produce 
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antibodies in amounts far in Excess of that 
produced by intact animals. This is evident 
not only by definite reactions in higher. dilution 
but by the more massive precipitate in low- 
dilutions. The prevention of the lymphoid 
hypertrophy by administration of adrenal 


cortical hormones does not reduce the amount 
of antibodies in the sera. This is probably due 
to the disruptive action of the hormone on 
the lymphocyte with a more rapid release of 
the immune globulin than would normally 
take place. 
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and the Charity Eospiial of Louisiana, New Orleans. 


In a recent publication’- data were presented 
to show that the combination of a specified 
high fat diet and experimentally induced 
renal insufficiency in dogs is regularly fob 
lowed by predictable lesions in the arterial 
system. The lesions have been found in 
elastic arteries, in muscular arteries, and in 
arterioles in practically every organ and tissue 
of the body with the exception of the kidney 
and liver. Essentially the lesion is an acute 
necrotizing arteritis whose closest human 
counterparts are periarteritis nodosa and 
rheumatic arteritis. 

When it was found that the dietary factor 
was lipid in nature, the question naturally 
arose as to the effect of vitamin E — the so- 
called “fat anti-oxidant” vitamin — on these 
e.xperimental arterial lesions. 

Methods. The methods have been detailed 
in previous publications.’ Briefly these con- 
sist of feeding selected table scrap to which 
is added each day 3.0 cc/kg of a commercial 
grade of cod liver oil. After this diet has been 
consumed for 8 weeks or longer, the kidneys 
are severely damaged by any one of several 
methods (heavy metal injury^, bilateral ne- 
phrectomy, Leptospira Caukola — usually 

* Tins work was aided by a grant from The John 
and Slary B. Jlarklc Foundation. The mixed 
natural tocopherols and helpful suggestions were 
furnished by Distillation Products, Inc. 

t Holman, E. L., and Swanton, SI, C., Proc. Soc. 
Ksr. Biol, xsd Mr®., 1940, 63, 87. 


uranium nitrate, 10.0 mg/kg injected sub- 
cutaneously) and the arterial sj'Stem is exam- 
ined both grossly and histologically when 
the dogs die or are sacrificed days to w^eeks 
later. 

In the first series of 4 dogs vitamin E — one 
capsule containing 20 mg of mixed natural 
tocopherols — ^was given by mouth between 
8 and 10 o’clock in the morning and the dogs 
were fed the diet of table scrap and cod liver 
oil around 4 o’clock in the afternoon. Follow- 
ing kidney damage the dogs usually quit 
eating on the fourth to seventh day. Admin- 
istration of vitamin E capsules w'as continued 
until the dog died. 

In the second series of 4 dogs vitamin E 
(in the same form as above) was not started 
until ajtcr the kidneys were damaged. The 
dogs were fed table scrap and cod liver oil 
for 8 weeks or longer, then a lethal dose of 
uranium nitrate was injected and a single 
capsule of 20 mg mixed natural tocopherols 
per day by mouth was started 0, 24, 48, and 
72 hours after the heaiy metal injury. Vita- 
min E therapy was continued until the dogs 
died in uremia. 

In these 8 dogs the single capsule of 20 
mg of mixed natural tocopherols amounted to 
2,3 to 4.0 mg/kg/day. 

Experimental Observations. The significant 
data on the 4 dogs fed vitamin E concom- 
itantly with the specified high fat diet for 
S weeks or longer before kidney damage was 
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induced are ^K^en in Table I, section A; and 
section B of this table gives the same data for 
the 4 dogs in which ' vitamin E was started 
0, 1, 2, and 3 days after renal insufficiency 
was produced. There is a striking difference 
in the incidence of arterial lesions in these 
two groups as compared with similar experi- 
ments in which vitamin E was not admin- 
Etered (Table II). 

Disaissio>i. Since the pathogenesis of the 
arterial lesions related to high fat diet and 
renal insufficiency is not understood, there 
is no ready explanation for the protective 
action of vitamin E. The problem might be 
approached indirectly. If we assume that 
vitamin E ex-erts its usual “anti-oxidant” 
action, we can postulate pathogenesis as fol- 
lows: During the 8 weeks or more of dietary 
feeding, one or more of the “toxic” substances 
(fatty acids are under suspicion) contained 
in the diet saturates the tEsues with the e.x- 
cess spilling over in the urine. When this 
safety valve is destroyed, the excess piles up to 
“explosive” levels and the arterial lesions 
ensue. 

If our present theory that the toxic sub- 
stance is fatty acid proves correct, a corollary 
of it would be that the fatty' acid damages 
collagen, for the first detectable anatomical 
change is edema, swelling, fragmentation and 
necrosis of collagen. The subsequent fibrm, 
“fibrinoid” and intense leukocytic reactions 
that are seen in the typical arterial lesion 
presumably represent the response of the 
body to the necrotic collagen. IWiy the as- 
sumed fatty acid selects collagen in certain 
sites of the body for this activity — also 
whether it acts directly' on the collagen in 
these sites or does so by inactivating vitamm 
C (which it has been shown to do in aqueous 
solutions in vitro-) are not known. Attempts 
thus far to demonstrate any variations in 
ketone bodies in the urine or any consistent 
variations in the blood plasma lipids at differ- 
ent stages in the experimental procedures have 
not yielded definite confirmatory evidence for 
the above hypothesis. 


2 Strohecker, R., and Bucliliolz, E., Chrm. Ahsir,^ 
1943, 37, 5763. 
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TAB1.E n. 

Eff ect of Vitamin E on Incidence of “Espmmental” Arterial Lesions. 

E’o.'witt lesions 


Diet 


"Weeks* Xo. in group 


Table scrap -1- C.L.O.t 

Table scrap CXi.O. -j- "Vitamin E 


S-15 22/25 

S-l-i 1/S 


* "Weeks of flietary feeding before production of renal insnfBciency. 
i Ci.O. = Cod Liver Oil 


% positive 

SS.O 

12.5 


Summary. 1. Twenty-two of 25 dogs fed a 
kennel diet of selected table scraps to which 
was added each day for S weeks or longer 
3.0 cc/kg of cod liver oil developed U-pical 
arterial lesions when they died in uremia 7 
to 35 daj-s after the experimental production 
of renal insufficiency. 

2. When vitamin E (mixed natural toco- 
pherols. 2.5 to 4.0 mg/kg/day by mouth) 


was administered along with the diet,, none 
of 4 dogs subjected to the same experimental 
procedures developed any arterial lesions. 

3. Vitamin E was equally effective in pre- 
venting or retarding the arterial lesions when 
its administration by mouth was started 0, 1, 
and 2 days after renal insufficiency was in- 
duced. 


16074 

Cataract Development in Animals with Delayed Supplementation of 

Tryptophane. 

h. J. Schaeffer* axd E. Geiger. 

Trom the Van Camp Lahoraiories, Terminal Island, California. 


In several recent papers'"^ demonstrating 
the production of lesions in the eyes of experi- 
mental animals on inadequate diets, corneal 
vascularization was encountered more fre- 
quently and as a more general response to 
deficiencies than cataract formation. The lat- 
ter lesion was observed only rarely, chiefly 
in rats fed on tryptophane or histidine de- 
ficient diets. The development of cataract 
might be a result of disturbed protein sjm- 
thesis due to the absence of the essential 
amino acids; however, since cataract did not 

* -toil Wilsliire Btvd.. Los Angeles, Calif. 

I Clmn. T. T., Clinng, C. Y., and Luo, T. H., 
C/.itiesc J. P/ipyiaL. lP-11, 10, 241. 

- Totter. R. .T.. and D.ay, P. L., J. Yufrition, 
1042. 24, 150. 

a .Vlbanese. ,\.. and Busclikc, W.. Science, 
1042, n.T, 5S4. 

4 .Sydenstricker, V. P.. Schmidt. H. L., Jr., and 
Hall, W. K.. Pr-oc. Soc. Exr. Eiou Med., 
1047. (!J. .to. 


develop in animals on diets deficient in other 
essential amino acids such as lysine, leucine, 
threonine, valine, isoleucine, arginine, etc., 
the possibility of a specific role of tr\-ptophane 
and histidine in the metabolism of the lens 
must be considered. It was the intention of 
the present study to investigate this pos- 
sibility by the method of delaj'ed supplemen- 
tation of trj-ptophane. One of the authors® 
has shown that infantile rats, on a diet of 
incomplete amino add mixtures, did not grow 
if the missing amino acid was fed separate 
from the rest of the diet several hours later. 
These experiments indicated that amino adds 
are not stored in the bod\-, and that protein 
synthesis can proceed only when all essential 
amino acids are simultaneously present in the 
tissues. 

If the delayed supplementation of trypto- 
phane would prevent cataract formation with- 


5 Geiger. E., .T. Xiilrilinn, 1547, S4. 57, 
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out promoting growth, we might conclude that 
this amino acid exerts its protective action 
independent of protein synthesis. Such a pos- 
sibility has been suggested by Cahill and 
Kohalik" who found that afarine (1-methyl- 
tryptophane), which is not as efficient as 
tryptophane in promoting growth, neverthe- 
less prevents cataract in animals on trypto- 
phane free diets. 

The experiments were performed on infant 
rats (35-45 g body weight) in 2 groups of 
6 each. The first group was fed the trypto- 
phane deficient Diet I for 12 hours, and Diet 
II, containing tryptophane, for the next 12 
hours. The second group received Diet I 
for 2 hours and Diet II for 2 hours; all food 
was withdrawn for the duration of one hour 
when diets were changed in this group. For 
further technical details see Geiger.^ 

Composition of Diet I — 30 g acidhydro- 
lysed fish protein — 70 g basal diet. 

Composition of Diet II — 6 g 1 (-) trj'pto- 
phane — 94 g basal diet. 

The basal diet contained; corn starch, 3050 
g (78.3%); rice bran concentrate, 400 g 
(10.26%); cottonseed oil, 200 g (5.13%); 
U.S.P. salt mixture, 200 g (5.13%); fish oil 
(one g contains 2,000 I.U. vitamin A and 
400 I.U. vitamin D) 50 g (1.27%); ribo- 
flavin, 75 mg; Ca pantothenate, 150 mg; 
choline chloride, 2.5 g. 

The results regarding growth were essential- 
Ij’’ the same as those reported in the previous 
stud}\ In spite of an adequate suppl 3 '' of tryp- 
tophane derived from the two diets consumed 
in 24 hours, the rats failed to show normal 
growth; this again demonstrated that tr^'pto- 
phane fed apart from the other amino acids 
could not be utilized for protein S3'nthesis. 
We did not observe the alopecia or hyper- 
excitability described by Totter and Day.- 
These symptoms probably resulted from other 
nutritional lack (deficiency or certain vita- 
mins, perhaps) of the diet emplor-ed by these 
authors. 

The ocular findings were as follows. Len- 
ticular involvement and corneal \'asculan5a- 
tion was noted in 10 of the 12 e.xperimenta! 

'md Kotalik, G. C.. J. Xnirtlion. 

1043 , 26 , 471 . 


animals. The 2 animals with no sign of 
cataract had been on the e.xperimental diet 
for onh' 6 weeks. In ail cases the lenticu- 
lar opacities showed the character of a poster- 
ior cortical cataract. The opacities were first 
noted subcapsularly, but gradually involved 
most of the posterior corte.\-, and in 2 cases 
progressed to the anterior cortex, the nucleus, 
and finally the entire lens. 

The shape of the opacities showed con- 
siderable variation. In one case, it involved 
the central portion of the posterior cortex, 
forming a flower shaped figure, while the 
peripheral region remained clear. In other 
cases, the peripheral margin developed denser 
opacities, while the central area remained 
clear. The suture lines became visible; de- 
hiscense of the lines, fluid defts and vacuoles 
became more and more noticeable. In a few 
cases the anterior cortex became involved, 
principally in the equatorial region. In 2 cases, 
this development was followed by progressive 
intensification of the milky, diffusely opaque 
appearance of the whole lens. 

The period of development also showed 
marked variations. In most cases, some def- 
inite sign of cataract formation could be ob- 
served by the sixth week of the e,xperiment. 
In the 2 cases where cataract development 
proceeded furthest, some incipient signs had 
been noted by the fourth week of the e.xperi- 
ment with a rapid subsequent course. By the 
tw'elfth week the lenses appeared whitish and 
opaque to the unaided eye in these animals, 
while in other animals only posterior cortical 
opacities were obsetx'ed. 

These results are similar to, if not identical 
with, the growth and e 3 'e manifestations noted 
in the studies of rats on tryptophane de- 
ficient diets. There are no clinical differences 
between animals completeh’ deprived of tr 3 p- 
tophane and those receiving de]a 3 ’ed supple- 
mentation with respect to corneal vasculariza- 
tion and cataract formation. 

In these e.xperiments, ocular symptoms de- 
veloped in spite of the fact that die rats 
ingested relatively large quantities of tr 3 'pto- 
phane (0.1 to 0.2 g per day). Prevention of 
cataract, like promotion of growth, can be 
achieved only if tryptophane is supplied 
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simultaneously with the other essential amino 
acids. This suggests a possible causal relation- 
ship between disturbed protein synthesis and 
cataract formation. Further investigations as 
to why disturbance of protein synthesis by 
the lack of essential amino acids other than 
tryptophane and histidine does not result in 
cataract formation is required. 

Summary. Experiments with delayed sup- 


plementation of tryptophane show that cata- 
ract formation in rats occurs even after con- 
sumption of relatively large quantities of 
tn,'ptophane. It seems that like growth pro- 
motion. cataract prevention by this amino 
acid can be accomplished only when it is 
supplied simultaneous with the other essential 
amino acids. 
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Simulated Auricular Flutter in the Electrocardiogram of the Dog. 

A. SuRTSHiN. (Introduced by L. N. Katz.) 

From ilic CardiovasctiJar Deportment,* Descarch InsHtittc, iticliael itcese Jlospitol, Chicago. 


In the course of studies with epinephrine 
in the unanesthetized dog, undulations of the 
baseline at a rate of the order seen in auricu- 
lar flutter developed in the electrocardio- 
graphic tracing, .^t first sight, the mechanism 
appeared to be auricular flutter. The co- 
incident occurrence of tachypnea and retch- 
ing during the recording of these electrical 
phenomena suggested the possibility that these 
undulatory waves might be e.xtracardiac, 
caused by retching and tachypnea. 

The possibility exists that similar records 
in man might, on occasion, be misinterpreted 
as auricular flutter. It thus appears advisable 
to present these records for publication. 

In Fig. lA are shown two sections of a 
continuous recording of lead 2 obtained in 
the dog after the intravenous injection of 
one mg epinephrine. In the first few cardiac 
cycles of the top strip regular undulations in 
the baseline at a rate of 356 per minute re- 
semble the “F" waves of auricular flutter. 
This was associated with tachypnea of the 
same rate. The ventricular rate is 65 per min- 
ute. In the middle of the tracing during a 
period of transitory apnea, the undulations 
are absent, no P waves are seen, and the con- 
tour and rate of the ventricular complexes 

■■ The department is supported in part by the 
^(icllac^ Reese ResoarcU Foundation. 


are unchanged (the QRS and T waves are 
huge and upright). Toward the end of the 
top strip the phenomenon in the first part 
of the tracing recurs and continues during the 
first part of the second strip which was re- 
corded 2 minutes later. In the middle of the 
second strip it is possible to identify P waves 
even though they are partially obscured by 
the undulations. Some of these are labeled. 
The ventricular rate at this time is 88 per min- 
ute and irregular. We are dealing here with a 
nodal rhythm followed by a sinus arrhythmia 
at a faster rate and the record is obscured by 
extracardiac artefacts simulating impure au- 
ricular flutter. 

Fig. IB is a tracing of the femoral arterial 
pressure in the same dog recorded with a 
Hamilton manometer simultaneously with a 
pneumogram obtained with a pneumograph 
strapped around the animal’s chest. Below is 
a baseline recording time in seconds. The 
pneumogram shows post-epinephrine tachjqi- 
nea at a rate of 306 per minute. In some in- 
stances, not seen here, these respiratory waves 
may even appear as noticeable fluctuations 
of the blood pressure within a single cardiac 
cycle. 

Fig. 2 is a continuous electrocardiographic 
tracing (lead 2) obtained under similar cir- 
cumstances in another dog. At the beginning 
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Via. 1. 



Via. 2. 


of the record ventricular tachycardia with a 
rate of ISO per minute is present with upright 
and prolonged QRS complexes (going off the 
record) and with deeply inverted T waves. 
Undulations of the baseline with a rate of 
333 per minute begin in the middle third of 
the record and continue to the middle of the 
second strip. At times, they attain a huge size. 
When these undulations first appear, the 
ventricular rate slows abruptl}' to about 65 
per minute, the configuration of the ventricu- 
lar complexes changes, and the QRS becomes 
shorter in duration. No P waves are seen even 
at the end of the second strip ivhen the un- 
dulations have disappeared. The baseline 


undulations were observed to have occurred 
when the dog began to retch and vomit and 
are therefore probably attributable to arte- 
facts caused by diaphragmatic movements 
(extracardiac artefacts). It appears that the 
ventricular tachycardia present at the begin- 
ning of the record broke at the o.. . '• of retch- 
ing and was followed by A-V nodai . 

Conclusions. Baseline movements Vj. th 
simulated impure auricular flutter develope<> 
following intravenous epinephrine injections. 
These are shown to be extracardiac in nature. 
They are induced by extreme tachypnea and 
the diaphragmatic movements associated with 
retching and vomiting. 
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Influence of Pamaquine and Atabrine on the Enzymatic Degradation 

of Quinine. 

GR-mAM CHEN.*i 

From the Department of Pharmacology, University of Chicago, Chicago, 111. 


The purpose of the present investigation 
is (1) to devise a procedure for the quanti- 
tative evaluation of the activity of the enzyme 
which destro 5 's quinine and (2) to stud}'^ the 
effect of pamaquine and atabrine on the de- 
gradation of quinine bj’ the enzj-me. 

Materials and Methods. Suspensions of 
fresh rabbit's liver were prepared by homo- 
genization with Ringer-Locke solution in a 
'waring blender. The}’’ were centrifuged at 
1200 r.p.m. for 15 minutes; the supernatant 
onl\' was used in the following experiments. 
The mixture and the supernatant were found 
to give the same enzyme activity and the same 
relationship between concentration and effect. 
However, more consistent results were ob- 
tained with the latter. 

The enzymatic digestion was conducted at 
39 °C in an incubator. The enzyme prepara- 
tion and the quinine solution of Ringer-Locke 
were kept in an incubator for half an hour 
before mixing, .-^s a rule, 0.5 ml of the former 
was pipetted into 3.5 ml of the latter in a 
30 ml centrifuge tube. At appropriate times 
equal volume of 4% NaOH was added to the 
digestion medium to terminate the reaction. 

The determination of quinine was carried 
out b}' a method which has prexnouslj' been 
described.' In brief, quinine was e.xtracted 
from -»he digestion medium at an alkalinity 
of 2% XaOH with ethylene dichloride. In 
control e.xperiments, with and without heating 
on a steam bath for an hour, the amount of 
quinine extracted with ethylene dichloride at 
this concentration of KaOH was found to be 
the same. The concentration of quinine was 
measured fluorometrically with the Coleman 

♦ J. J. Abel Fellow. 

1 rre?cnt address: The Research Laboratories, 
Parke. Davis and Company, Detroit, Jlicli. 

1 Chen, G., and Coiling, E. K., J. Pliarm. and 
Fxp. Thcrap., 1944, 82, ISO. 


photofluorometer (model 12). Pamaquine 
does not give anj'- fluorometric reading with 
Bi, PCi filters. Atabrine shows a slight fluo- 
rescence through these filters; it does not, 
however, interfere with quinine determination. 
A blank value for atabrine is subtracted from 
the total fluorometric readings when quinine 
is determined in the presence of atabrine. 

Results and Discussion. The graphs in Fig. 
1 indicate the relationships between the per- 
centage degradation of quinine and the con- 
centration of liver. The rate of the reaction is 
shown bj- curves in Fig. 2. Except for low 
concentrations and during the beginning of 
the experiment, the degradation of quinine is 
in a linear relationship with the concentration 
of liver or with the time of reaction in logar- 
ithms. The linearity in rate was found to 
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Pig. 1. 



Pig. 2. 


of the record ventricular tachycardia with a 
rate of 150 per minute is present with upright 
and prolonged QRS complexes (going off the 
record) and with deeply inverted T waves. 
Undulations of the baseline with a rate of 
333 per minute begin in the middle third of 
the record and continue to the middle of the 
second strip. .4t times, they attain a huge size. 
When these undulations first appear, the 
ventricular rate slows abruptly to about 65 
per minute, the configuration of the ventricu- 
lar comple-xes changes, and the QRS becomes 
shorter in duration. No P waves are seen even 
at the end of the second strip when the un- 
dulations have disappeared. The baseline 


undulations were observed to have occurred 
when the dog began to retch and vomit and 
are therefore probably attributable to arte- 
facts caused by diaphragmatic movements 
(e.vtracardiac artefacts). It appears that the 
ventricular tachj'cardia present at the begin- 
ning of the record broke at the o... ' of retch- 
ing and was followed by A-V nodal ; 

Conclusions. Baseline movements Vj.,~h 
simulated impure auricular flutter developel^- 
following intravenous epinephrine injections. 
These are shown to be e.\-tracardiac in nature. 
They are induced by extreme tachypnea and 
the diaphragmatic movements associated with 
retching and vomiting. 
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Urinary Excretion of Amino Acids by the Rat* 

B. S. Scm\TEiGERT. (Introduced by P. B. Pearson.) 

From the Department of Biochemistry anti Xitfrition, Agricultural and 2fechnnieal College 

of Texas, College Station, Texas. 


The adaptation of microbiological methods 
for the determination of amino acids in 
urine^"® has afforded considerable information 
on the levels of various amino acids excreted 
by several species as influenced b}' the 
amounts ingested. A paucity of information 
is available, however, on the influence of 
dietarj' deficiencies, such as specific amino 
acid or vitamin deficiencies, on the excretion 
of amino acids in the urine. In earlier work--® 
it was shor\Ti that vitamin Be deficient rats 
metabolized tr}rptophane to microbiologically 
inactive products at a rate comparable to 
that observed for vitamin Be supplemented 
animals. In the present stud\' the effect of 
the ingestion of trj-ptophane deficient diets 
and the ingestion of diets deficient in ribo- 
flavin or nicotinic acid on the amounts of 
certain amino acids excreted in the urine was 
determined. 

Experimental. Care of animals and compo- 
sition of diets. Weanling rats were housed in 
single cages and were fed the experimental 

* Frances Panzer and Helen Keene assisted rritli 
the amino acid analyses. 

r Schweigert, B. S., Sauberlicli, H. E., and 
Elvelijem, C. A., Science, 1945, 102. ‘275. 

- Sclmreigert, B. S., Sauberlicli. H. E.. Elvelijem, 
C. A,, and Baumann, C. A., J. Biol. Chem., 1946, 
164. 213. 

3 Sauberlicli. H. E., and Bamn.ann, C. A.. Bwl. 
Chem., 1940, ICO, 417. 

^ Steele, B., Sauberlicli, H. E., Ecvnoltls, 31.. and 
Baumann, C. A.. J. Xu frit ion, 1947, 33, 209. 

Harvey. C. C., and llorwitt, 31. K., Fed. Proc., 
1947. G, 239. 

c Hier, S. W., and Bcrgcim, 0., Fed. Proc., 1947, 
6, 261. 

7 Frankl. W., and Dunn. M. g.. Jreh. Diuchtm.. 
1947, 13, 93. 

s Dunn. M. S., Caniicn, M. X.. Shankman, S.. and 
Block, II., Arch. Biochem., 1947, 13 207. 

n .Selnveigert. B. S.. and Pearson. P. B . .T. Biol 
Chem., 1947, 168, .-..-.3. 


diets for varying periods of time. Variations 
in the composition of the diets used were 
either in the level or kind of protein or in the 
B vitamin supplement added. Corn oil was 
added to all rations at a level of 4.7fc, 
vitamin .\ and D concentrate 0.3%, salt 
mixture 4.0% and sucrose to 100%. Unless 
indicated otherwise, each diet contained 250 
pg each of thiamin and pj-ridoxine, 300 pg 
of riboflarin, 2 mg of calcium pantothenate, 
100 mg each of choline and inositol and one 
mg of nicotinic acid per 100 g. The diets were 
fed ad libitum. A brief designation of the 
diets is as follows: 

Xo. 7 — 249c casein. 

S — Same as Xo. 7 except no riboflavin was 
added. 

9 — 129c casein. 

10 — 129i casein and 129b gelatin. 

11 — Same as Xo. 10 except no nicotinic acid 

was added. 

12 — 129c oxidized cascinf plus adequate quanti- 

ties of cystine and methionine. This 
ration was designed to be deficient in 
tryptophane. 

13 — .Same as Xo. 12 plus 0.29r fE.tryptapbaue. 

t The oxidized casein used in this investigation 

was prepared by the method of Toennies, J. Biol. 
Chem., 1942, 145, 067. 

Urine collections were made by the use of 
metabolism cages fitted with outside feeders. 
The urine was collected during a 2- or 3-day 
period and food consumption records were 
also kept for these periods. Collections were 
made at least twice during the e.xperimental 
period and data on at least two animals were 
obtained for each series of collections. Thus 
data on the amino acids e.xcreted were ob- 
tained at different times throughout the exper- 
imental period. The urine samples from each 
group were combined prior to analysis so 
that data were obtained on 4 or more rats in 
each group. The collections were made at the 
same time for each series of deficient and sup- 
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hold as long as 8 hours for a digestion medium 
containing 5 /xg/ml of quinine and 0.25^ 
of liver. Whether or not this relationship holds 
true for the pure enzyme and quinine awaits 
confirmation. If so, it may reveal the reaction 
mechanism of the enzymatic process. 



Fig. 2. 
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Clearly the linear relationship between con- 
centration and effect for a certain duration 
of reaction, as shown in Fig. 1, may be 
utilized to determine quantitatively the enzyme 
activity of a preparation. The duration of 
one hour was chosen in the present work. 
The relationship deviates from linear at short- 
er intervals. The line for one hour will be 
taken as a reference standard in subsequent 
calculations for the enzyme activity of a sam- 
ple by locating the corresponding value on 
the abscissa to the per cent degradation of 
quinine on the ordinate. For convenience in 
calculations, the value one on the abscissa 
will be considered as 10 units of enzyme 
activity. 

The effect of pamaquine and the effect of 
atabrine on the enzymatic destruction of 
quinine were carried out under identical con- 
ditions as for the e.vperiment in obtaining the 
reference standard; i.e. in a medium contain- 
ing the supernatant of a 0.5% liver homogen- 
ate, 5 ixg per ml of quinine and a molecular 
equivalent quantity of pamaquine or atabrine. 
Data in Fig. 3, obtained with the same sample 
of liver homogenate, indicate that the enzjmi- 
atic destruction of quinine was decreased by 
the addition of pamaquine or atabrine. There 
is, however, no difference in the rate of the 
reaction. By interpolation from the line for 
one hour in Fig. 1, the enzyme activities 
as represented by the curves in Fig. 3 for 
the same period are as follows: for quinine 
alone, 50.1 units; quinine plus pamaquine, 
30.2 units and for quinine plus atabrine, 22.4 
units. The suppression of enzyme activity by 
pamaquine or atabrine is thus 39 and 54% 
respectively. It is not understood whether the 
effect of these two compounds is on the en- 
z.vnie or on the substrate in the enzyme sys- 
tem. ,‘\s judged b,v the rate of the reactions 
with and without pamaquine or atabrine, the 
effect of the two compounds is probably on 
the enzyme. 

Summary. .A procedure has been devised 
for the quantitative evaluation of the activity 
of the enzj-me which degradates quinine. Pam- 
aquine and atabrine were found to suppress 
the enzymatic degradation of quinine by 
a liver homogenate. 
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plemented groups. The urine samples were 
stored in a refrigerator prior to analysis. 

Amhw add analyses. Histidine, arginine, 
threonine, phenylalanine and trj^itophane de- 
terminations were made after neutralization 
and proper dilution of the urine samples. 
These amino acids were chosen for analysis 
since it seemed likely that amino acids of 
this tJT)e may he more difficult to metabolize 
than the simpler amino acids. In addition, the 
methods for determining these amino acids 
in urine are quite accurate while the reliabil- 
ity for others is somewhat uncertain. 5. jac- 
calis R was used as the test organism for the 
determinations of threonine, arginine and his- 
tidine. The medium used has been described 
previousl}’.'" Tryptophane and phenylalanine 
were determined with L. arahhwsus as the test 
organism.^’^^ 

In some cases the occurrence of bound 
forms of the amino acids was investigated. 
Aliquots of the urine samples were hydrolyzed 
with one N HCl at IS pounds pressure for 
5 hours, neutralized, diluted to an appropriate 
volume and assayed for amino acids. By this 
procedure, data were obtained on the amounts 
of certain amino acids that were excreted in 
combined form, since the same samples were 
analyzed for amino acids prior to hydrolysis. 

Results and Discussion. The amounts of 
histidine, arginine, threonine, phenylalanine 
and tryptophane e.xcreted per day and the 
percentage of each amino acid ingested that 
was e.xcreted in the urine are shown in 
Tables I and II. The latter figures were com- 
puted on the basis of the amount of each 
amino acid consumed and of the amount of 
each amino acid e.xcreted per day. The com- 
position accepted for casein was: histidine 
2.6%, arginine 3.6%, threonine 4.0%, phen- 
ylalanine 4.7% and tr 3 'ptophane 1.2%. For 
gelatin the values used were 0.6% histidine, 
7.8% arginine, 1.8% threonine, 2.0% phen- 
ylalanine and 0.2% trj’ptophane. The amounts 
in casein and gelatin were determined by 

10 Grcciilmt. I. T., .Sclovcigcrt, B. S., .nnd Elve- 
lijom, C. A., J. liiol. 'Chcm., 194G, 102, OP. 

11 Scliwcigcrt, B. S., Jlclntirc, J. :M., Elvclijem, 
C. A., .ind StTong, F. M., J. Biot. Chcm., 1P44, 
!.•>.■>, 1S3. 


microbiological methods. From these data 
and from the food consumption data the 
amounts of each amino acid ingested per duy 
were calculated. 

With the methods employed, the values for 
urine shown in Tables I and II represent the 
amount of each amino acid present in the 
urine that is microbiologically available. 
These values have also been termed the 
amount of apparent free amino acid present. 
Undoubtedly, the free amino acids comprise 
the largest portion measured, but it is recog- 
nized that certain amino acids present as 
peptides are utilized to some e.xtent bj'' the 
test microorganisms.^- In order to determine 
the total amount present, it is necessary to 
hydrolyze the urine samples to liberate the 
bound forms of the amino acids. 

It will be noted that even when rations 
deficient in an amino acid or a vitamin are 
fed for considerable periods of time, the 
amounts of the amino acids e.xcreted per day 
are not materially different than those ex- 
creted by the control animals. Similarly, no 
difference was observed in the amounts e.x- 
creted when determinations were made at 
different times in the e.xperimental period. 
The percentage of the ingested amino acids 
e.xcreted in the urine was somewhat higher, 
however, for the tryptophane or riboflavin 
deficient groups than for the respective con- 
trol groups. The differences in the percentages 
of the ingested amino acids excreted were not 
as consistent, however, for the older rats fed 
the tryptophane deficient and supplemented 
diets (Table I). Rats fed a nicotinic acid 
deficient ration excreted approximately the 
same percentage of these amino acids as did 
the controls. In general, the amounts of each 
amino acid e.xcreted when the control diets 
were fed (No. 7, 9, 10 and 13) were roughlj’’ 
proportional to the amino acid intake. The 
amount of arginine e.xcreted, for example, was 
much higher when ration 10 (12% casein 
-f- 12% gelatin) was fed than when ration 
9(12% casein) or ration 7 (24% casein) was 
fed. This is undoubtedly due to the higher 
amounts of arginine ingested when ration 10 

i=Scliweigcrt, B. S., .nnd Snell, E. E., A’litr. Ais. 
nnil Jtn\, 1947, 10, 497. 
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Although measurements of the amino acids 
in the urine and balance studies to ascertain 
tlie amount of any amino acid that is retained 
by the body are of great value, it should be 
recognized that alterations in the degree of 
metabolism of any amino acid are not neces- 
sarily determined by the microbiological 
methods used. Thus, when diets deficient in 
a specific amino acid or a vitamin are fed 
and no large differences in the e.vcretion of 
the unchanged amino acid is observed, it 
may be quite possible that the amino acid is 
only partially metabolized and these partial 
metabolites exxreted in the urine are micro- 
biologically inactive. That marked changes 
in the amounts of the amino acids excreted in 
the urine do occur with mice fed various de- 
ficient diets has already been observed. Fur- 
ther studies on the specificity of these amino 


15 Albancse, A. A., Holt, L. E., Fraukslon, J. E., 
aud Irby, V., Fed. Proc., 194.G, 0, 118. 


acid methods and their reliability with respect 
to blood and urine analysis will aid in obtain- 
ing more information on the metabolism of 
specific amino acids by various species. 

Summary. Rats have been fed diets deficient 
in tryptophane, riboflavin or nicotinic acid 
and the amounts of microbiologically avail- 
able histidine, arginine, threonine, phenyl- 
alanine and tryptophane excreted in the urine 
were determined. No large changes were noted 
in the amounts of these amino acids excreted 
in the urine when rations deficient in nicotinic 
acid were fed. Rats fed a riboflavin or a tryp- 
tophane deficient diet excreted approximate^ 
twice as much of the ingested amino acids as 
animals fed adequately supplemented diets. 
In all cases, however, the amounts excreted 
were small, less than 2.5 per cent of those 
ingested. After acid hydrolysis of the urine 
samples, a 2-4 fold increase was observed 
in the values for histidine, arginine, threonine 
and phenylalanine. 


16078 

Vasoconstretion Elicited by Addition of Plasma to Vasoinactive Tissue 

Extracts.® 

E. hlvLON AND J. H. Heller. (Introduced by M. C. Winternitz.) 


From the Laboratory of Pathotogy, 

Perfusion experiments on the rabbit’s ear 
have shown that several vasoinactive, renin- 
containing protein fractions of hog kidney 
became vasoconstrictive when the perfusion 
fluid (Ringer-Locke) was supplemented by 
minute amounts of epinephrine.^ 

Identical effects were observed when tlie 
kidney fractions were replaced by similarh- 
prepared fractions of other organs — especially 
liver.- 

change from vasoinactivity to vasocon- 

• Aided by .i gr.iut from tiie Commonwealth 
Fund. 

1 Mylon, E., Horton, F. H., and Levy, B. P., 
Pr.oo. Soc. Exr. Bion. axd Mkd. 1047, 00, .a7,1. 

e Mylon, E.. Horton, P. H., and Ec^y, It. P., 
Pr.oc. i?oc. F.xr. Biol, .ixn Men., 1047, 00, ,178, 


Talc University School of Medicine. 

striction in the rabbit’s ear was previously re- 
ported'* when plasma instead of Ringer-Locke 
was used for perfusion with kidney fractions 
(renin). This constriction was not attributed 
to the direct combined effect of the kidney 
fraction and plasma, but to the formation of 
a special vasoconstrictive substance, angio- 
tonin (hypertensin). 

Since plasma is known to contain traces of 
epinephrine,'* it seemed desirable to investi- 
gate whether this epinephrine content might 
have contributed to the constrictive effect 
elicited by kidney- or other tissue-fractions. 


3 Pago, I. n., and Hclmcr, O. M., J. Fxp. Mcil., 
1940, 71, C9, 

-• SImw, E. II., Liochem. J., 1938, .‘12, 19. 
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was fed since this ration contains gelatin 
which is very high in arginine. 

Thus it appears that the deficiencies studied 
do not markedly affect the ability of the rat 
to metabolize the ingested amino acids to 
microbiologically inactive products even when 
the animals are losing weight at a rapid rate. 
It is quite possible, of course, that prolonged 
or chronic deficiencies may cause the rat to 
excrete much larger quantities of these amino 
acids. It is also possible that the metabolism 
of other amino acids not studied was mate- 
rially affected. Some tests conducted with 
lysine and methionine indicate that they also 
were excreted in small amounts when diets 
deficient in tryptophane or riboflavin were fed. 
Preliminary studies indicate that vitamin Bo 
deficient rats do not show large changes in 
the amounts of these amino acids e.xcreted. 
These results are quite different from those 
observed with the mouse'^^''^^ in that this 
species excretes large amounts of certain 
amino acids when deficient diets are fed. Thus 
an average of 37.3% of the ingested amino 
acids was e.\xreted by mice when fed a trypto- 
phane or methionine deficient diet while an 
average of only 2.6% was excreted ivhen ade- 
quate diets were fed. Differences in the per- 
centage of the ingested tryptophane that was 
excreted when normal diets were fed to rats 
as compared to mice have been discussed in 
earlier work.- 


Data obtained on the amounts of histidine, 
arginine, threonine and phenylalanine deter- 
mined after acid hydrolysis of the urine sam- 
ples support the same conclusions as those on 
the amounts of microbiologically available 
amino acids (Table III); namely, that the 
amounts of these amino acids excreted are 
not appreciably affected b}' the ingestion 
of deficient diets by the rat. The results show 
that about ^ to of the total amount e.x- 
creted is measured as the free amino acid. 
These results are in agreement with those 
reported by Sauberlich and Baumann® and 
Albanese ei aid" 


E. E., B.nu- 

minn C A., Fed. Proc., lOtl, C, 420. 

14 Pearce E. L., S.-iuberlich, H. E., and Eau- 

.r. 




Plasma Plus Tissue Extracts Vasocoxstrictive 


321 . 



FIGURE n 

Plasma or minute amounts of epincplirinc if combined with n vnsoinactive liver fraction act 
almost identically. 


Recent studies^-"'*'® indicating that the 
blood contains substances structurally related 
to epinephrine point to the possibility that 
these compounds are biologically active and 
involved in the reaction reported in this paper. 

G Bain, "W. A., Gaunt, AV. E., and Suffolk, S. F., 
.r. ritysnol., 1937, 01, 233. 

~ Whitcliorn, J. C., J. Biot. Clicm,, 1935, 108, C33. 

s Bloor, H. R., and Bullen, S. S., J". Biol. Chem., 
1941, 138, 727. 

G Raab, II., Biochem. J., 1943, 37, 470. 


Summary. Vasoconstriction of the isolated 
vessels of the rabbit’s ear follows the addition 
of fresh plasma to perfusates containing liver 
preparations that are in themselves inactive. 
The activation caused by plasma is indistin- 
guishable from the effect of subthreshold 
amounts of epinephrine added to these tissue 
fractions. Incubation of plasma, known to 
result in loss of its epinephrine content, also 
causes loss of its vasoconstrictive influence 
on perfusate containing liver fractions. 
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The following experiments were carried 
out to clarify this point. 

Materials and Methods. Rabbit plasma was 
prepared as described by Landis® with especial 
care in the heparmization of the animal S min- 
utes before drawing the blood. ' This was then 
spun down at -|-5°C for 45 minutes, the plasma 
siphoned off and stored at the same low point 
until used. Fractions of liver extracts were 
prepared in accord with previously reported 
methods.- Epinephrine (Parke-Davis 1 : 1000) 
was freshly diluted several times a day to 
1:100,000 with distilled water and used as 
stock solution. Further dilutions made from 
this concentration were used within 2 min- 
utes. The subthreshold dose was usually be- 
tween I cc and 1.5 cc of a 1:5,000,000 solu- 
tion. The isolated rabbit’s ear was chosen for 
perfusion. The volume of each separate sub- 
stance to be tested was brought up to a con- 
stant amount by the addition of Ringer-Locke. 

Results. The plasma from 5 of the 25 
normal rabbits used in this study was in it- 
self slightly and transiently vasoconstrictive 
on perfusion. The 25% constriction for 2 min- 
utes observed with these 5 plasmas increased 
to 80% for 8 minutes on the addition of liver 
extract. This liver extract ivas completely 
vasoinactive if used for perfusion without 
plasma. Nineteen of the remaining 21 plasma 
samples had no effect on the isolated vessels 
until the liver extract was added to the per- 
fusate. The degree of vasoconstriction re- 
corded with these 19 samples varied from 60 
to 99%, lasting for 3 to 10 minutes. The 
plasma samples of the two remaining rabbits 
elicited strong vasodilatation if added to the 
Ringer-Locke perfusate. Addition of the liver 
preparation abolished this vasodilatation. 

The next experiments were designed to 
compare the effects of plasma and epinephrine 
on perfusion fluids containing liver prepara- 
tions. Various combinations and sequences 
ivere tried. In none ivas it possible to differ- 
entiate between the effects of epinephrine and 
plasma on the liver containing perfusate. 
Typical e.xperiments are recorded in Fig. I 
and Fig. 2. 


5 Landis, E. M., Wood, J. E,, Jr., 
J. L., Am. J. Fhiisiot, 1943, ISO, - 
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Vasoconstriction caused by tlie combination of 
vasoinactive plasma with a vasoinactive liver 
fraction. 


All of the previous observations were car- 
ried out with fresh plasma that had been 
stored for not more than 3 hours at -f-S°C. 

In the light of the fact that the epinephrine 
content of plasma is destroyed on incubation,® 
a new series of e.xperiments w'as initiated in 
which the plasma was incubated for 12 hours 
before its use. The effect of this preliminary 
incubation on the plasma w'as striking: in 
none of the 8 e.xperiments was any constric- 
tion obtained with plasma alone or in the 
combination of the incubated plasma wnth the 
liver fraction. 

Discussion. The similarity of action of fresh 
plasma and subthreshold amounts of epine- 
phrine suggests that the epinephrine content 
of the plasma is responsible for the observed 
effect on the rabbit’s ear. 

The colorimetrically determined values for 
“true” blood epinephrine, however, are smaller 
than the subthreshold doses that w-ere used 
with the rabbit’s ear. 
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TABIiE I. 


Pcposition of liver glycogen 


Group 

Days after 
tumor implant 

No. animals 

Glucose, 

mg 

Avg. body 
wt, gm 

Liver glycogen, % 

Total rug 
liver glycogen 

Normal 



27 

0 

19.G 

0.29-t-0.02» 

3.1 


— 

33 

100 

20.9 

2.25-<-0.03 

2G.9 

Sarcoma 180 

7-10 

5 

0 

18.0 

0.19-+0.02 

2.3 


11-U 

5 

0 

18.1 

0.46-t-0.14: 

3.3 

n n 

7-10 

M 

100 

20.4 

1.15-^0.08 

14.4 

j > n 

11-14 

IG 

100 

1S.7 

1.25±0.05 

15,1 


* ProbaWc error of mean ralue. 


All glycogen values are expressed in terms of 
glucose. Under the conditions of these experi- 
ments, the normal mice stored liver glycogen 
to the extent of 23.8% of the injected glucose 
as contrasted with only 12.0% by those ani- 
mals with tumors. The probable errors of the 
means indicate that this is a highly significant 
difference whereas the difference between the 
mean values of the two tumor-bearing groups 
is not statistically significant. 

Discussion. In view of the fact that, (a) 
the tumor-bearing mice did not lose weight; 

(b) their fasting liver glycogen concentrations 
were as high as those of normal mice; and 

(c) their food intake was as high as the 
normal, this difference can not be explained 
on a nutritional basis in the usual sense. 
Neither was the bodily activity of the tumor- 
bearing mice observed to be greater than that 
of the controls during the period between 
glucose injection and sacrifice. It is clear 
from the data that the length of time which 


the mice have borne the tumors, at least 
between 7 and 14 days, has no influence on 
the glycogen content. Neither was the mass 
of the tumor found to influence the extent of 
glycogen storage. A group of animals bearing 
tumors having an average weight of 325 mg 
averaged 1.32% liver glycogen whereas a 
group with 1,200 mg tumors were found 
to average 1.24%. Greenstein"* found that 
the decrease in liver arginase and catalase 
activities of animals bearing tumors were like- 
wise independent of the age of the tumor. 
It is possible that the impaired glycogenesis 
may result from a similar effect on the enzyme 
systems in the livers. 

Conclusion. Male mice bearing sarcoma 180 
implants exhibit an impairment in their abil- 
ity to store liver glycogen after glucose ad- 
ministration. This is similar to the defect in 
patient with gastric cancer. 

^ Greenstem, J. P., J. Xat. Cancer InM., 1042- 
1943, 3, 419. 
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Arginase and Catalase Activity in Livers of Patients Having Benign and 
Malignant Gastric Lesions.*" 


N 


. F. \ouNG, Vera Collier and F. Homburger. (Introduced by C. P. Rhoads.) 
From the Department of Clinical Inrcsfi.oafioii, the Sloan-Kcttcrinp Institute for Canecr 

TiCscarch, Xcw Tori: dtp. 


The comparison of activities of certain 

* This vroTk has been supported by grants from 
the National Institute of Health of the tTnitcd 
St.aics Public He.altit Service, tlie Teagle Founda- 
tion, Inc., and the New York City Cancer Com- 
mittee of the American Cancer Society, Inc. 


enzymes of normal adult tissues with those of 
tissues undergoing rapid proliferation has re- 
vealed differences. These have given rise 
to much speculation regarding the possible 
relationship of enzyme activity to neoplastic 
growth. One important phase oi this work 
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Deposition of Liver Glycogen in Normal Mice and in Mice Bearing 

Sarcoma 180.* 

N. F. Young, C. J. Kensler, Louise Seki, and F. Homburger. 
(Introduced by C. P. Rhoads.) 

From the laboratory of Clinical Investigation, the Sloan-Kettcring Institute for Cancer 

Fesearch, Kew Fori: City. 


Previous investigation in this laboratory 
has demonstrated an impairment in the abil- 
ity of patients bearing gastric cancer to lay 
down liver glycogen after the oral administra- 
tion of glucose.^ If small laboratory animals 
can be shown to be similarly affected by the 
presence of a tumor, more extensive and 
detailed studies of the abnormality would be 
possible. In animals the factors which nor- 
mally influence glycogen storage can be bet- 
ter controlled. Moreover, the influence of 
tumor type and size as well as other variables 
pertinent to the study can be investigated 
more easily than is possible in human subjects. 

This paper describes the results of measure- 
ments of liver glycogen in normal mice and in 
mice bearing sarcoma 180 implants before and 
after glucose administration. 

Methods. Young, adult male mice, CFW 
strain, w'hich W’ere obtained from Carworth 
Farms, and which weighed from 16 to 26 
g were used in all experiments. All animals 
were allowed drinking water ad libitum and 
were placed on a diet of Purina Laboratory 
Pellets for at least 2 days, to eliminate gross 
differences in nutritional state before use. 

These animals were divided into 4 e.xperi- 
mental groups. Two groups had had sarcoma 
180 implanted into the axillary region 7 to 
14 days previous to the e.xperiment. Of these 
animals, one group provided fasting liver 
glycogen levels while the other group was 
treated with glucose before liver glycogen 
assav was made. The other 2 groups consisted 


* This work has been sui>ported by grants from 
the National Institute of Health of the United 
States Public Health Service, the Teagle Founda- 
tion Inc., and the New York aty Cancer Com- 
mittee of the American Cancer Society Inc. 

1 Abels, J. C., Young, N. F., and Homburger, F., 
in preparation. 


of normal mice. One group was fasted and one 
was given glucose. All animals were weighed 
frequently and on some occasions the food 
intake was followed. Except for those animals 
which had borne tumors for 12 to 14 days, 
all appeared healthy. 

At 4 p. m. on the da3' preceding each ex- 
periment, the mice were deprived of food and 
placed in clean cages in groups of 2 to 4 
in a dark, quiet, air-conditioned room.- After 
16 hours, they were either sacrificed for the 
determination of fasting glycogen levels or 
were given an intraperitoneal injection of 
100 mg of glucose (0.25 ml of 40% glucose 
in water) and sacrificed 2 hours later to allow 
measurement of the increase in liver glycogen 
over the control value. The mice were killed 
b\' severing the spinal cord at the base of 
the brain to minimize struggle. The whole 
liver was removed, weighed, and dropped into 
30% KOH within 60 seconds of the time of 
death. Liver glycogen was determined by the 
Good, Kramer and Somogyi^ modification of 
Pfluger’s method. 

Results. .As can be seen in Table I, the 
16-hour fast sufficed to reduce the liver 
ghxogen levels to a uniformly low level in 
both normal and sarcoma-bearing animals. 
The difference between the fasting levels in 
the groups of animals tested after bearing 
tumors for 7-10 days and 10-14 days is 
probabty due to the small numbers of animals 
used and in anj"- case is not significant in so 
far as this study is concerned, since these 
e.xperiments were not designed to demonstrate 
differences in rates of gljxogen depletion. 


uSwcjisson, .41-0. Acta Fhys. Scand. Supp., 1945, 

2, 33. 

3 Good, C. A., Kramer, H., .nnd Somogyi, M., 
J. J3. C., 1933, lOO, 485. 
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TABLE I. 


Deposition of liver glycogen 


Group 


Days after 
tumor implant 

No. animals 

Glucose, 

mg 

Avg. body 
wt, gm 

Liver glycogen, % 

Total mg 
liver glycogen 

Normal 




27 

0 

19.6 

0.29-4-0.02* 

3.1 

it 


— 

33 

100 

20.9 

2.25-4-0.03 

26.9 

Sarcoma 

ISO 

7-10 

5 

0 

18.0 

0.19-4-0.02 

2.3 

J y 

yy 

11-14 

0 

0 

18.1 

0.46-4-0.14 

3.3 

i> 

yy 

7-10 

17 

100 

20.4 

1.15-4-0.08 

14.4 

y y 

yy 

11-14 

16 

100 

1S.7 

1.25-4-0.05 

15.1 


* ProbaWo error of mean value. 


All glycogen values are expressed in terms of 
glucose. Under the conditions of these experi- 
ments, the normal mice stored liver glycogen 
to the extent of 23.8% of the injected glucose 
as contrasted with only 12.0% by those ani- 
mals with tumors. The probable errors of the 
means indicate that this is a highly significant 
difference whereas the difference between the 
mean values of the two tumor-bearing groups 
is not statistically significant. 

Discussion. In view of the fact that, (a) 
the tumor-bearing mice did not lose weight; 

(b) their fasting liver glycogen concentrations 
were as high as those of normal mice; and 

(c) their food intake was as high as the 
normal, this difference can not be explained 
on a nutritional basis in the usual sense. 
Neither was the bodily activity of the tumor- 
bearing mice observed to be greater than that 
of the controls during the period between 
glucose injection and sacrifice. It is clear 
from the data that the length of time which 


the mice have borne the tumors, at least 
between 7 and 14 days, has no influence on 
the glycogen content. Neither was the mass 
of the tumor found to influence the extent of 
glycogen storage. A group of animals bearing 
tumors having an average weight of 325 mg 
averaged 1.32% liver glycogen whereas a 
group with 1,200 mg tumors were found 
to average 1.24%. Greenstein"* found that 
the decrease in liver arginase and catalase 
activities of animals bearing tumors were like- 
wise independent of the age of the tumor. 
It is possible that the impaired glycogenesis 
may result from a similar effect on the enzyme 
systems in the livers. 

Conclusion. Male mice bearing sarcoma 180 
implants exhibit an impairment in their abil- 
ity to store liver glycogen after glucose ad- 
ministration. This is similar to the defect in 
patient with gastric cancer. 

•< Grocnstcin, J. P., J. Xal. Cancer Inst., 1942- 
1943, 3, 419. 
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Arginase and Catalase Activity in Livers of Patients Having Benign and 
Malignant Gastric Lesions.’^ 

N. F. Young, Vera Collier and F. Ho.mbueger. (Introduced by C. P. Rhoads.) 
From the Vcpartnicnt of Clinical Invcslmiion, the Sloan-Kctlcrinff Institute for Cancer 

Research, Xcw Tori- dip. 


The comparison of activities of certain 

* Tliis work has been supported by gr.nnfs from 
tbe X.ational Institute of Hc.altli of the United 
States Public Ucaitli Service, the Tc.agle Found.!- 
tion, Inc., and Die New York City Cancer Com- 
mittee of the American Cancer Society, Inc. 


enzymes of normal adult tissues with those of 
tissues undergoing rapid proliferation has re- 
vealed differences. These have given rise 
to rnuch speculation regarding the possible 
relationship of enzyme activity to neoplastic 
growth. One important phase of this work 




16079 


Deposition of Liver Glycogen in Normal Mice and in Mice Bearing 

Sarcoma 180.* 


N. F. Young, C. J. Kensler, Louise Seki, and F. Homburgee. 
(Introduced by C. P. Rhoads.) 

From the Laboratory of Clinical Investigation, the Sloan-Kettering Institute for Cancer 

Research, Xeia Tort: City. 


Previous investigation in this laboratory 
has demonstrated an impairment in the abil- 
ity of patients bearing gastric cancer to lay- 
down liver glycogen after the oral administra- 
tion of glucose.^ If small laboratory animals 
can be shown to be similarly affected by the 
presence of a tumor, more extensive and 
detailed studies of the abnormality would be 
possible. In animals the factors which nor- 
mally influence glycogen storage can be bet- 
ter controlled. Moreover, the influence of 
tumor type and size as well as other variables 
pertinent to the study can be investigated 
more easily than is possible in human subjects. 

This paper describes the results of measure- 
ments of liver glycogen in normal mice and in 
mice bearing sarcoma 180 implants before and 
after glucose administration. 

Methods. Young, adult male mice, CF\V 
strain, which were obtained from Carworth 
Farms, and which weighed from 16 to 26 
g were used in all e.\'perimenfs. All animals 
were allowed drinking water ad libitum and 
were placed on a diet of Purina Laboratory' 
Pellets for at least 2 days, to eliminate gross 
differences in nutritional state before use. 

These animals were divided into 4 e.xperi- 
mental groups. Two groups had had sarcoma 
ISO implanted into the a.villary region 7 to 
14 days previous to the e.xperiment. Of these 
animals, one group provided fasting liver 
glycogen levels while the other group was 
treated with glucose before liver glycogen 
assay was made. The other 2 groups consisted 


work has been^sti^orted bj- gwnts from 
. National Institute of He.alth of the United 
ites Public He.anh Service, the Teagle Pounda- 
n Inc., and the Nevr Tork City Cancer Com- 
ttee of the Aineric.an Cancer Society, Inc. 

L Abels, J. C., Tonng, N. F-, and Homburger, P., 

preparation. 


of normal mice. One group was fasted and one 
was given glucose. All animals were weighed 
frequently' and on some occasions the food 
intake was followed. Except for those animals 
which had borne tumors for 12 to 14 days, 
all appeared healthy. 

At 4 p. m. on the day preceding each ex- 
periment, the mice were deprived of food and 
placed in clean cages in groups of 2 to 4 
in a dark, quiet, air-conditioned room." After 
16 hours, they were either sacrificed for the 
determination of fasting glycogen levels or 
were given an intraperitoneal injection of 
100 mg of glucose (0.25 ml of 40 ff? glucose 
in water) and sacrificed 2 hours later to allow 
measurement of the increase in liver glycogen 
over the control value. The mice were killed 
by' severing the spinal cord at the base of 
the brain to minimize struggle. The whole 
liver was removed, weighed, and dropped into 
30% KOH within 60 seconds of the time of 
death. Liver glycogen was determined by the 
Good, Kramer and Somogy'P modification of 
Pfluger's method. 

Results. .As can be seen in Table I, the 
16-hour fast sufficed to reduce the liver 
glycogen levels to a uniformly low level in 
both normal and sarcoma-bearing animals. 
The difference between the fasting levels in 
the groups of animals tested after bearing 
tumors for 7-10 days and 10-14 day's is 
probably' due to the small numbers of animals 
used and in any' case is not significant in so 
far as this study' is concerned, since these 
e.\periments were not designed to demonstrate 
differences in rates of glycogen depletion. 


~ Sn'cnsson, Akc, Jeta Fhys. Scand, Sapp., 1045, 
2, 33. 

a Good, C. A,, Kramer, H., and Somogyj, M., 
J. S. C., 1933, 100, 4S5. 
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TABLE I. _ 

Aigicase nEd Cfitalase ActiviAes of iimnna Liver Biopsies. 


Xo.’- 

ScS 

Age 

Diagnosis 

Cnmlase 
ml O-ZMgX/ssc 

Aririi3U5e 

AE/mgX: 


m 

5-5 

Gastrie Ocer 

1.00 

OJl 

i97-:a 

m 


;? 

7 

0.05 

^.3 

ssino 

T. 

45 

:• 

1 

1.1-1 

0.1 

siese 

m 

4o 

•y 

1 

1.15 

il5 

js‘2072 

m 

53 


1 

I,3«5 

r.i 

S3417 

xa 

43 


1 

LSI 

9.0 

S2719 

JS 

4S 


1 

0.97 


S2233 

331 

50 

•} 

1 

Llff 

5J. 

$311-1 

ZH 

50 

31 

1 

L15 

9,0 

S3oS4 

tn. 

53 

11 

1 

0.S5 

S.7 

$1603 

z 


11 

1 

L46 

< ,■= 


avg 1,15 avg 7.S 


$2300 

zn 

46 

Prim. Op. Ca. Stomach 

LSO 

0-9 

$1764 

m 

64 

11 1? 11 11 

O.Sl 

6.5 

79547 

ta 

45 

Op. Ca, Duo^etiTnn 

Prim, Op. Cn. Stozjtscli 

6.S7 

7 ~ 

S210S 


60 

0.74 

7 'i 

$2391 

2 

50 

11 11 11 11 

003 

6a 

$1954 

X 

63 


i.l2 

s.o 

S2A1S 

ta 

51 

33 Jill 11 

1 , 2 s 

— 0 

$3016 

vx 

49 

11 11 1? 11 

0,94 

677 

$3444 

m 

62 

11 11 11 11 

2.5S 

iO.O 

$3273 

ta 

63 

Icop. Ca. Stom.ach 

L 06 

15.6 

$1473 

ra 

64 

17 11 11 

1.26 

4.S 

$0295 

£ 

41 

11 17 11 

L04 

20a; 

75069 

m 

**.1 

17 71 11 

0.S6 

7.7 

25000 

m 

00 

11 11 11 


•t JL 

S092S 

m 

69 

7? 1? 11 

i .62 

6.0 

$0901 


52 

?? 17 11 

0.7$ 

avg LOO 

o.O 

aTg 7.4 


* Memorial Hospital Chart Xma'ber. 

r W rr arginase aetivitv irljich effects 50^^ hvdrolvsis rader I'k- coEditioas speeisc-L 


gram of tissue nitrogen. 

It is apparent that there is no significant 
dinerence in arginase activity between the 
two groups of livers. The catalase values are 
quite variable in each group and although the 
average control value is 155^ higher than 
that of the experimental group, the over- 
lapping of the individual values is such as to 
make this difference an insignificant one. 

Discussion. These negative results are of 
interest with respect to the work of Green- 
stein.*-"* 

The negative results are also of interest 
with respect to the work of .\bel 5 *' and co- 
workers who demonstrated impairment of cer- 
tain liver functions as an almost invariable 
concomitant of cancer of the gastro-intestinal 
tract in humans. Liver functions found to 

s.Mx!?, 3. C.. Hekers, P. E., BinMev, G. E.. 
F.iclc. G. T.. .nnd Bho.ids. C. P.. Jrn. Ir.t. 3Icd 
i9te, to. sei. 


be impaired included several which involve 
a varieU' of 137)65 of chemical reaction. Hence, 
it is of interest that the two functions chosen 
for this stud}- should be found to be nor mal 
_ The decrease in arginase activif}- in the 
livers of aniraab bearing tumors mav be 
limited to a few species since in no case were 
mice observed b}- Greenstein to exhibit thb 
phenomenon. However, the decrease in cata- 
lase activities was found in both rats and mice 
with a wide variety of tumors but one e.x- 
ception. The actual magnitude of thb de- 
crease b not clear since later work by Green- 
Mcin indicates a 50^ decrease in activitv 
wherep in the first reports the decrease was 
90f^ in many cases. In any event, it b dear 
that in humans the presence of adenocardn- 
oma 0 i the stomach does not sisnificantlv 
infiuence the catalase content of the liver. 

_ Conclusions. The catalase and arginase ac- 
thities of Ih-er biopsies from Ifi" patienb 
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has been the demonstration that tumors ma}' 
influence composition or metabolism of tis- 
sues not involved anatomically. 

The most striking instance of such an 
effect is that reported by Greenstein.^ He 
showed that the catalase activity of the livers 
of rats and mice bearing transplanted or 
spontaneous tumors was markedly decreased. 
On removal of the tumor, the activity 
promptly returned to normal and a second 
transplant resulted in a second depression.- 
Similar although less marked effects were 
demonstrated on liver arginase activities in 
some species.-"* These results lead one to 
conclude that the tumor may produce sys- 
temic effects in the host. Because of the im- 
plications of such a point of view, the exten- 
sion of this type of investigation to the field 
of human cancer may be of great importance. 

This paper presents the results of catalase 
and arginase determinations on liver biopsies 
obtained from 16 patients bearing gastric 
cancer and 1 1 patients who underwent surgery 
for benign lesions. 

Clinical Material. The patients included 
in this study were unseiected insofar as age, 
sex or nutritional state were concerned. They 
were all admitted to the Gastric Sendee of 
the Memorial Hospital for abdominal surgery 
and were given the usual pre-operative care 
and studJ^ Food was withheld for at least 10 
hours prior to operation. The liver biopsy 
was taken at the start of the operation, frozen 
within IS minutes, and stored in a glass, air- 
tight container at -40°C until immediately 
before analysis. The biopsy was invariably a 
wedge-shaped piece taken from the edge of 
the right lobe and iveighed from 300-1000 


mg.^ 

Methods. The weighed, frozen tissue was 
dropped into 6 volumes of ice-cold O.S N 
KCl solution, containing .03 N NaHCOg 

"Ttoenstem, J. P-, Jenrette, W. VL, and White, 
J 3 Nat. Cancer Inst., 1941, 2, 2S2. 

's Greenstcin, J. P., and Andervont, H. B., J. Nat. 


Inst., 1942, 2, 345. 
jenstein, .T. P., J- Cancer Inst., 


and thoroughly ground in a glass honiogenizer. 
One milliliter of this mixture was diluted to 
100 ml with cold distilled water and used 
immediately for estimation of catalase activ- 
ity. The remainder of the homogenized tissue 
was allowed to incubate for 18 hours at 
5°C before measurement of arginase activity. 

Catalase activity was determined by es- 
timating the H2O2 decomposed by 2 ml of 
the fresh, dilute tissue suspension added to 
5 ml of approximatel3’- 0.09 M H2O2 (Merck’s 
supero.xol diluted 1-100) buffered with 1 ml 
M/5 sodium phosphate at pH 7.4. The mix- 
tures were shaken for 20 seconds at 2S‘’C 
and the reaction stopped by the addition of 
2 ml 10 N H2SO4. The remaining H2O2 was 
titrated with 0.04 N KMnO^ and this value 
subtracted from a blank titration obtained 
when the acid was added before the tissue. 
Preliminary control experiments demon- 
strated the suitability of this test sj’stem with 
regard to linearity of H2O2 decomposed as a 
function of tissue concentration and of time. 
In no case was the availabilitj' of substrate 
a limiting factor. 

The arginase estimations were performed 
e.xactly as described by Greenstein,-* e.xcept 
that the whole tissue brei was used rather 
than the supernatant extract. Ten dilutions 
of each activated extract were selected so that 
in the half hour incubation time chosen, the 
most dilute suspensions hydrolyzed from 8 
to 20% of the arginase whereas the more con- 
centrated suspensions effected complete hydro- 
lysis. 

The total nitrogen in each homogenate was 
determined by a micro-Kjeldahl method. 

Results. Table I shows the results of the 
activitjf estimations together with pertinent 
data on each patient. Catalase activity is e.x- 
pressed as milliliters of oxj-gen liberated from 
the test system per milligram of tissue nitro- 
gen per second. One unit of arginase activity 
is chosen as that which will effect the splitting 
of 50% of the arginine present in the test 
system in thirtj' minutes at 37°C. The argin- 
ase activities are e.xpressed in units per milli- 


-f T)rs G. T. P.ick and ^ Greenstcin, 3. P., 3cnrcttc,W. V., ilitlcr, G. P., 
C \tcNeeTX"witli their staff, made this study and White, 3., 3. Nat. Cancer Inst., 1940-1941, 
possible, is gratefully achnowlodged. 1, C87. 
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TABLE I. 

F ibrinoh-sis of Blood of Anterior Dog in Peptone Shock. 

Minutes after peptone injection 


Protamine 
(mg per 
in ml blood) 


f — ^ ^ ■ 

0 * 2 

Hr Hnitst Hr Units 


0 18 30 

r~- \ r \ ' 

Hr Units Hr Units Hr Units 


.100 

.050 

.025 

.012 

.000 

Control 

Total lytic activity 


4 2 

24t 0 

” 0 

” 0 

” 0 


1 4 

2 3 
2 3 
2 3 
2 3 
2 3 


2 3 2 

2 3 2 

2 3 2 

2 3 it 

2 3 24 

2 3 24 


3 2 3 

3 4t 1 

3 4i 1 

1 CO 0 

0.5 CO 0 

0.5 CO 0 


19 18 11 


* After operation and. before peptone injection. n . « i i 

t Arbitrary units, total lysis in 1 hr given the value 4, in 2 hr, 3, in 4 hr, 2, in -4 hr, O.o, 
and partial lysis in 4 hr given the value 1. 

t Only partial lysis (at least half the clot) in the time stated. 


Fibrinogen. Armour Fraction I. Thrombin. 
Lederle’s “Hemostatic Globulin.” 

Peptone Shock in the Anterior Dog. The 
dogs were anesthetized with sodium pento- 
barbital, arranged for recording carotid blood 
pressure and prepared as anterior animals ac- 
cording to Nolf.® Injections of peptone were 
made into one of the external jugular veins 
and blood samples drawn from the other into 
a syringe rinsed with saline but containing 
no anticoagulant. The fibrinolytic activity 
of this blood was determined bi* adding it to 
a series of protamine tubes, the same as used 
in the protamine-titration test for heparin. 
.\ tv^jical determination of fibrinolytic ac- 
tivity is shown in Table I. The fibrinolytic 
activity of each blood sample is expressed as 
the sum of the arbitrarj' units of activity as- 
signed to each tube of the protamine series 
according to the length of time required for 
the h’sis of the blood in that tube. The ex- 
periment recorded here shows the tjqjical 
changes in fibrinolytic activitj' after peptone 
injection, an immediate increase followed by 
a slower decrease. 

On the injection of peptone the blood pres- 
sure fell quite markedly in all cases but it 
was found that a concentration of 300 mg of 
peptone per kg was necessary to produce a 
prolonged fall in blood pressure and evidence 
of a prolonged activation of the serum pro- 
tease. 

To investigate the effect of the S.B.I. on 
the fibrinolysis in other experiments, part 


of each blood sample was added to the S.B.I. 
solution and pipetted to the protamine series 
after the control. Since the S.B.I. has some 
anticoagulant activity® a drop of thrombin 
was added to each tube of both control and 
S.B.I. series. The inhibitory effect of the 
S.B.I. on the fibrinolysis is well illustrated in 
Table II, where moderate lytic activity is 
completely inhibited by concentrations of 
S.B.I. as low as 0.34 mg per ml of blood. 

In one experiment, S.B.I. (20 mg,/kg) was 
injected into the anterior dog 2 minutes be- 
fore the injection of the peptone. The injec- 
tion of the S.B.I. had no effect on the blood 
pressure nor anj’ effect on the fall in blood 
pressure after the injection of peptone. How- 
ever, as shown in Fig. 1, there was a marked 
decrease in the degree of fibrinolysis. Also 
the preparation surv'ived more than twice 
as^long as a number of similar preparations 
subjected to the injection of peptone without 
previous treatment with S.B.I. 

Since the platelets and leucocytes are be- 
lieved to be involved in the production of 
peptone shock,i counts of the cellular elements 
were made during the e.\-periments and are 
given in Table III. Platelets and leucocj'tes 
were greatly reduced after the injection of 
peptone, this reduction being accompanied 
by a marked agglutination of the platelets. 
The platelets and leucocytes decreased to the 
same level (approximately 25,000/mm® for 
platelets and 2,000/mm'* for leucocytes) re- 
gardless of the dose of peptone, the initial 
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bearing gastric cancer did not differ signifi- 
cantly from those of 11 patients having 
benign gastric lesions. These results are in 
contrast to those found in animal experiments, 


and are in contrast to those obtained with 
certain other liver function tests which appear 
to be impaired in patients with gastric cancer. 
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Activation of Serum Protease in Peptone Shock.* 

A. Evelyn Scroggie,! L. B. Jaques, and M. Rocha e Silva. 

From the Department of Physiology, VniversUy of Sashatcheioan, SasTcatoon, Canada, and) 
Department of Biochemistry and Pharmacodynamics, Institute Biologico, Sao Paulo, Brasil. 


A mechanism for the release of histamine 
and heparin in anaphylactoid conditions has 
been previously postulated by one of us.^ 
According to this theory, the anaphylotoxins 
are released as a direct result of the activation 
of a serum protease which has been described 
in the literature as “plasma trypsin, 
“lytic factor, “plasmin,”^ “tryptase”® and 
“fibrinolysin.”® The activation of this pro- 
tease in peptone shock is indicated by an 
increase in the fibrinolytic activity of the 
blood taken from dogs in the severe stages 
of shock, the fibrinolysis being observed in 
the tubes of the protamine titration test 
for heparin." Heparin has been shown to 
have an inhibitory effect on “plasma tryp- 
sin.”" Hence the addition of protamine to 
the blood, as in the protamine titration test 
for heparin, provides conditions under rvhich 


* Aided hj' a grant from the John and Mary K. 
Markle, Jr., Foundation. 

t Scholar of the N.itional Council of Jewish 
tVomon of C.anada for Kesc.areh on Blood Plasnm, 
University of Saskatchewan. 

lEocha e Silva, M., and Teixeira, B. M., Paoc. 
Soc. Exp. Biol, akd Med., 1940, Cl, 376. 

2 Rocha e Silva, M., and Andrade, S. 0., Science, 
1945, 93, 670. 

3 Milstone, H., J- Immunol, 1941, 43, 109. 

4 Christensen, U. E., J . Geyi. Physiol, 1945, 38, 


GFerguBon, J. H., Science, 1943, 97 319. 
c Loomis, E. C., George, C., Jr., and Byder, A., 
rch Biochem., in press. 

7 jkques. L. B., and Waters, E. T., J. Physiol., 
i41, 99, 454. 


the activation of the serum protease may be 
demonstrated by the resultant fibrinolysis. 

. Fibrinolytic activity of the blood has 
been observed by Nolf® after the injection of 
peptone into the liverless and the anterior 
dog. Since the anterior dog has its inferior 
vena cava and thoracic aorta ligated just 
above the diaphragm, thus e.xcluding the liver 
from the circulation, and since in the dog 
most of the heparin released comes from 
the liver, the anterior dog provides conditions 
vivo similar to those provided /« vitro by 
an excess of protamine. The anterior dog was 
used in our experiments to study the fibrino- 
lytic activity of the blood in peptone shock. 
A second system which has been studied is 
the release of histamine from the leucocytes 
of the rabbit on the addition of peptone. The 
activity of the serum protease has been in- 
vestigated by the use of the trypsin inhibitor 
isolated from unheated soya bean flour, which 
has been shown to be an inhibitor of the 
serum protease.® 

Materials. 

Soya Bean Trypsin Inhibitor (S.B.I.) : We 
are indebted to Dr. M. Kunitz for a sample 
of this material recrystallized 5 times. 
Peptone. Difeo proteose-peptone. 

Heparin (1000 units/ml) and Protamine 
(Salmine hydrochloride) W’ere supplied by the 
Connaught Laboratories, University of To- 
ronto. 

SNolf, P., Medicine, 1938, 17, 381. 

2 Tagnon, H. J., .and Soulier, J. P., Paoc. Soc, 
Exl*. Bion. AND Med., 1946, Cl, 440. 
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TAEIiE lU. 


Platelet and Leueoeyte Comi.t o£ the Anterior Dog in Peptone Shock.* 


No. 
of dog 

Dose of 
peptone 
(mg/kg) 

Pre-operative 

Leucoevtes Platelets 

/mm3 X 1000/mm3 

Before peptone r 

Leucocytes Platelets Time ' 

/mm3 X 1000/mm3 min. 

After peptone 
— — — 

Leucocytes 

/mm3 Platelets 

X 1000 X lOOO/mmS 

3 

150 

12,100 

419 

10,300 

440 

6 

2.2 

28 (72%) t 






20 

5.2 

70 (50 

) 







35 

4.6 

69 (51 

) 

4 

o 

o 

17,600 

25S 

11,300 

276 

0 

2.4 

26 (68 

) 







19 

2.9 

25 (30 

) 







58 

7.5 

85 (15 

) 







10 

5.4 

38 (33 

) 

G 

300 

8,400 

225 

4,400 

229 

5 

2.0 

19 (73 

) 






(9%) 

37 

1.2 

14 (45 

) 

St 

300 

5,100 

445 

5,100 

426 

8 

2.0 

22 (39 

) 






(6%) 

26 

2.4 

52 (42 

) 


300 





11 

2.5 

35 ( 7 

) 

10 

300 

15,900 

481 

11,200 

471 

4 

5.4 

104 (76 

) 






(5%) 

30 

3.7 

19 (41 

) 







60 

4.7 

68 (33 

) 


Leucocyte aud platelet counts have been adjusted to the red cell count in the normal sample. 
1 Figures in parentheses refer to the percentage agglutination of the platelets. 
i Dog injected trith 20 mg S.B.l. per hg 2 minutes before injection of peptone. 


combination with the inhibitor released dur- 
ing the process of activation. 

To study the effect of protamine on fibrino- 
lysis, a lytically active dog serum was pre- 
pared by treatment with chloroform.^® This 
“chloroform serum” was used to lyse a stand- 
ard fibrin clot, the lysis being inhibited bj' 
fresh dog serum which contains the natural 
inhibitor of the serum protease. The effect 
of protamine was tested on this lytic system, 
which, like the blood from the anterior dog 
in peptone shock, lacks the complicating 
factor, heparin. 

In one e.vperiment, a constant amount of 
protamine (300 pg) was incubated at 37.S°C 
with varying dilutions of the “inhibitor ser- 
um” for 5 minutes before the addition of the 
“chloroform serum” and clotting elements 
(0.2 ml of a 1:10 dilution of thrombin and 
0.5 ml of 0.5^0 fibrinogen). Fig. 2 shows 
that for each dilution of the “inhibitor serum” 
the clot with protamine lysed before its con- 
trol. 

In another e.vperinient, different amounts 
of protamine were incubated at with 

a constant “inhibitor serum” dilution for 

u’ Ghriptensen. L. I?., J. Sactcrioh, 1944, 47, 471. 



Pig. 2. 

Effect of Prot.ninine on Pibrinolvsis. a (no 
prot.amiiie)— inhibitor seruin -f s-aline incubated 
at 37°C for 5 niii\utes, then 0.1 ml of chloroform 
serum, 0.2 ml of 1:10 thrombin .and O.y ml of 0.3% 
fibrinogen added, b (-}- protamine)— inliibitor 
serum -f protamine incubated at 37‘C for 5 min- 
utes before the ^addition of chloroform serum -1- 
thrombin -f- fibrinogen. 

5 minutes before the addition of the “chloro- 
form serum” and clotting elements. Table 
IV A shows that increasing the concentration 
of the protamine in the clot increased the 
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O lO 20 30 

MINUTES AFTER PEPTONE 


A- with S.B.I. B-no S.B.I. 

Tig. 1. 

InWbitory Effect of S.B.I. in vivo on Eibrinolysis. A — Anterior dog injected vritU S.B.I. 

(20 mg/kg) 2 minutes before tbe injection of peptone (300 mg/kg). B — Anterior dog injected 
nitb peptone (300 mg/kg). 


level of the cells, the previous injection of 
the S.B.I., or the extent of the fibrinolysis 
produced. 

The Effect of Protamhte on Fibrinolysis. 
In peptone shock in the intact dog, the ad- 
dition of protamine to the blood enables 
fibrinolj'sis to be obseri'ed. This could be due 
to the neutralizing effect of protamine on 
heparin, since heparin has been shomt to 
antagonize the serum protease.^ However, 
the fact that fibrinolysis occurred first in 
the tube witli the highest concentration of 
protamine, regardless of the quantity of 
heparin present, indicated that protamine 
might have some other action promoting 
fibLolysis as well as that of neutralizing 


TABLE II. 

Effect of S.B.I. on Fibrinolysis in Blood of An- 
terior Dog after Peptone. 


S.B.I. 

(mg/cc blood) 

Lytic activity of 
control blood 

Lytic activity 
•with S.B.I. 

1.7 

24 

0 

0.83 

16 

0 

0.67 

14 

0 

0.3d 

14 

0 

0.17 

14 

2 


heparin. The proteolytic activity oi the blood 
is thought to be inhibited normally by a 
proteolytic inhibitor which is present in serum, 
so that activation of the protease occurs when 
the inhibitor is removed. Protamine might 
act by competing with the free enzyme for 
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a plateau in about 20 minutes. When the 
blood had been incubated with S.B.I. pre- 
viously, the addition of peptone was not fol- 
lowed by a rapid increase in plasma hista- 
mine. However, the S.B.I. did not completely 
inhibit the release of histamine, which pro- 
ceeded at a slow rate. 

Discussion. As shown above, we have found 
that S.B.I. inhibits fibrinolysis due to the 
serum proteolytic enzyme activated by chlor- 
oform, while protamine inhibits the natural 
serum inhibitor of this enzyme. Since S.B.I. 
inhibited the lysis occurring in peptone shock 
in the anterior dog, while the addition of 
protamine increased the lysis, it is evident 
that the fibrinolysis due to peptone is due 
to the activation of the plasma enzyme. S.B.I. 
inhibited the release of histamine by peptone 
from rabbit blood cells. This suggests that 
activation of serum protease is a step in the 
release of histamine by rabbit blood cells. 
Unfortunately sufficient S.B.I. was not avail- 
able for the corresponding experiment in the 
dog to test the effect on liberation of hista- 
mine by body cells. 

The action of the strongly basic protamine 
on fibrinolysis of both blood and fibrin clots 
lends support to the hypothesis of Ferguson® 
and others that the inhibitor of the plasma 
proteolytic enzyme is a polypeptide with 
acidic groups analogous to those of heparin 
or that heparin is a prosthetic group for this 
inhibitor. 

The strikingly uniform reactions of plate- 
lets and leucoc 3 Ues, as far as their counts 
are concerned, despite wide variation in the 
fibrinolytic effect produced, would indicate 
that these cell elements are neither concerned 
with the production of, nor affected by, the 


activation of the serum protease. However, 
there is some evidence that this may not be 
the case. Smears from the cut edge of frag- 
ments of lung tissue, prepared according to 
the technique described by Rocha e Silva^® 
showed that when fibrinolysis was marked, 
disintegration of the platelet clumps in the 
lung vessels had proceeded to a degree where 
only dark-staining granules remained as rem- 
nants of the disintegrated platelets. When 
fibrinolysis was weak or absent, the disinte- 
gration of the platelets in the clumps was very 
slight or absent. Thus it appears that although 
the counts of circulating platelets and leuco- 
cytes may not indicate any relationship to 
fibrinolysis, the smear technique for exam- 
ining clumps of platelets and leucocytes may 
indicate the true relationship of these cell 
elements to fibrinolysis and other results of 
the injection of peptone. 

Smitmary. The relationship of the serum 
protease to the action of peptone was investi- 
gated using soybean trypsin inhibitor and 
protamine. Soybean trypsin inhibitor inhibited 
fibrinolysis by chloroform serum (activated 
serum protease). It inhibited the fibrinolysis 
occurring in peptone shock in the anterior 
dog and also the release of histamine from 
rabbit blood cells in vitro on the addition of 
peptone. Protamine accelerated fibrinolysis 
in the anterior animal and also Ij'sis by the 
serum protease in the presence of the natural 
serum protease inhibitor. 

"We ■n’ish to acknovrledge the hospitality of Dr. 
C. H. Best in the Department of Physiology, 
Tfniversity of Toronto. We are indebted to Dr. 
B. Pidlar for the platelet counts. 

l3Eocha e Silva, M., Porto, A., and Andrade, 
S. 0., Arch. Surg., 1916, 63, 199. 
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TABLE rv. 
Effect of Protamine and S.B.I. 

on Fibrinolysis.* 


/ — 

A 

InMbitor serum 



B 

Protamine, 

(1/5 dilution) 

Lysis time 

's.B.r. 


(tig) 

(ml) 

(min) 

(tng) 

Lysis time 

— ■ 

— 

27 



6.5 loin 

30 


27 

3.0 

(no lysis in 12 hr) 


.1 

216 

2.0 

ff }} 3t 

300 

.1 

138 

1.0 

3) 3J 33 33 33 

30 

.1 

206 

0,1 

33 33 33 33 33 

3 

.1 

2166 

0.01 

0.001 

(lysis Tvitidn 12 hr) 

33 33 33 3> 


* Standard fibrin clot containing 0.2 ml of a 1:10 dilution of bemostatic globulin and 0.5 ml 
of 0.3% fibrinogen (Armour Ib-aotion I). 

A — ^Total volume 1.5 ml containing 0.4 ml cbloroform serum. 

B — Total volume 1.4 ml containing 0.1 ml chloroform serum. 


speed of lysis. S.B,I. added to a lytically 
active clot, inhibited the lysis, as shown in 
Table IVB. Tagnon® has reported similar ob- 
servations. 

Effect of S.B.I. on release of Mstamine from 
rabbit blood by peptone. Blood was taken into 
heparin from rabbits by cardiac puncture. 
Part of the blood was incubated for 5 minutes 
at room temperature with S.B.I. (0.5 mg per 
ml of blood) while 2 controls were incubated 
with saline. To the blood -f- S.B.I. and to one 
of the controls, peptone was added (15 mg 
per ml of blood) while to the other control 
saline was added. The peptone used had been 
freed of histamine by treatment with per- 
mutit.^^ The mixtures were incubated for 
various times and histamine extractions per- 
formed on their plasmas b}' the method of 
Code.^ The assay on the guinea pig ileum 
showed that in a number of e.xperiments with 
an incubation time of IS minutes, there was 
an inhibition by S.B.I. of the release of 
histamine by peptone. Little inhibition was 
demonstrated by the S.B.I. with an incuba- 
tion time of 30 minutes. 

The effect of time of incubation on the re- 
lease of histamine is shown in Fig. 3. Three 
mixtures, a and c containing blood -f saline 
and b containing blood -p S.B.I., were in- 
cubated for 5 minutes at room temperature. 
Peptone was added to a and b and saline to 
c Ae concentrations of S.B.I. and peptone 


C. A., PJ.arm. 

and Iher., ^ 33. 

12 Code, 0. V., Flmstol., ISZ,, 89, ~o,. 



Fig. 3. 

Effect of S.B.I. on the Eelease of Histamine 
from Babbits' Blood by Peptone, a — ^Blood + 
Peptone, b — Blood -f- S.B.I. -f- Peptone, c — ^Blood 
-f- Saline. 


in the blood being the same as above. From 
these mixtures incubated at 37°C, samples 
were taken at various times and packed in 
snow until all the samples were taken. These 
were centrifuged simultaneoush'^ and their 
plasmas extracted for histamine. With saline 
alone added to the blood, plasma Mstamine 
remained constant, the variation shown in the 
samples indicating the degree of accuracy of 
the method used (zfcO.2 fig histamine). With 
peptone alone added to the blood, the release 
of histamine initially was rapid, slowing to 
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TABLE I. 

Distribution of St. Louis and Japanese Encepha- 
litis Viruses in tlio H.mistcr After Feeding.' , 


Tissue tested St. Louis virus 

Japanese vims 

(3rd to Sth d.ay) 

Buccal mucosa 

3/10 

2/10 

Tongue 

7/10 

6/10 

Larynx 

5/10 

5/10 

Cervical lymph nodes 

S/10 

7/10 

Esophagus 

3/10 

3/10 

Stomach 

0/10 

0/10 

Small gut 

7/10 

1/10 

Lymphoid follicles 

of small gut 

6/10 

4/10 

Large gut 

6/10 

3/10 

Mesenteric lymph node 

S/10 

4/10 

Inguinal lymph node 

5/10 

5/10 

Kasai mucosa 

4/10 

8/10 

Olfactory bulbs 

3/10 

8/10 

Cerebrum 

5/10 

7/10 

Brain stem 

4/10 

6/10 

Spinal cord 

4/10 

6A0 

Spleen 

6/10 


Striated muscle 

0/10 


(1st to 5th day) 

Blood 

10/46 

30/3S • 


Denominator indicates number of tests made; 
numerator indicates number positive. 


ster after feeding, being recoverable from 
many tissues, including the blood, a fact 
which obscures both the site or sites of mul- 
tiplication of virus, and the sequence of 
events in the pathogenesis of the infection. 

Viremia has been present as early as the 
second day after feeding with St. Louis virus, 
and the first day in the case of Japanese, but it 
is intermittent in the former case and with 
neither virus has it been demonstrable after 
the fifth day. The presence of virus in the 
blood and certain other tissues before it is 
recoverable in the central nen'ous system 
(3rd to 8th day) suggests that multiplication 
may occur outside the central nervous system. 

Both of these viruses have been recovered 
by swabbing the mouths of hamsters on the 
sixth to ninth days after feeding, -when clin- 
ical signs were present. The cotton swabs 


were washed out in serum-broth, penicillin 
was added (2000 units per cc) and the super- 
nate after centrifugation was injected intra- 
cerebrally into mice. By this technic St. Louis 
virus was recovered in 3 of 5 attempts in 3 
hamsters, and Japanese virus in 12 of 13 
tests on 12 hamsters. The latter virus has 
also been found in the mouth 7 times in 6 
hamsters on the first to fifth day after feeding, 
before any clinical signs of infection were 
apparent. St. Louis virus was isolated from 
the mouths of hamsters (2 of 3 on third day; 
one of 2 on fourth day) that had been in- 
jected intracerebrally. 

We are unaware of any direct evidence at 
present that transfer of virus to or from the 
alimentary canal is significant in the epidemi- 
ology of these encephalitides. It is of interest 
to note, however, that evidence has been 
submitted” for the presence of St. Louis 
virus in the nasopharyngeal washings of pa- 
tients and has been recovered from nasal 
washings of an intracerebrally inoculated 
horse." Venezuelan equine encephalomyelitis 
virus has been recovered from human nose and 
throat washings.®''’’! It appears that the pos- 
sibility of natural hosts of these viruses ac- 
quiring infection through the alimentary tract, 
and transmitting either by droplets from the 
mouth or by the feces, deserves careful consid- 
eration. 


c Sulkiii, S. E., H.irford, C. G., and Bronfen- 
brciiner, J., Pnoc. Soc. Exp. Bion. .rxD Med., 
15)39, 41, 327. 

~ Cox, H. B., Phillip, C. B., and Kilpatrich, J. TT., 
Pill). EcaWi T^cp., TJ. S. P. H. S., 19-11, 56, 1391. 

S Casals, J., Cunien, E. C., and Thomas, L.. 
J. Exp. Med., 1013, 77, 521. 

0 Lennette, E. H., and Koprowski, H., J. A. If. 
J., 1913, 123, loss. 

t There arc also several pertinent references in 
the .Tapanese literature, the originals of nliicli no 
have been unable to obtain. 
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Susceptibility of the Hamster to St. Louis and Japanese Encephalitis 

Viruses by Feeding.* 

F. M. ScHABEi., Jr., Sherwood IMiller, Margaret Abendroth and F. B. Gordon. 

From the Department of Jlacieriolopp and Parasitology, The University of Chicago. 


It was reported previously^ that hamsters, 
when allowed to feed upon St. Louis enceph- 
alitis virus, either die with encephalitis, or 
develop an immunitjf as evidenced by appear- 
ance of serum antibody and resistance to 
intracerebral inoculation. Subsequent tests 
have indicated that hamsters, fed Japanese 
encephalitis virus react in much the same way. 
The present report describes the e.\'tent of the 
infection in hamsters following feeding with 
St. Louis (Hubbard strain) and with Japanese 
(Nakayama strain) encephalitis viruses, as 
determined by subinoculation of mice with 
various tissues. 

The possibility of infection by way of the 
alimentary tract with neurotropic viruses, 
other than tlrose of poliomyelitis and en- 
cephalomyelitis of mice, has received some 
attention. Infection of mice by introduction 
of St. Louis virus into the alimentary tract 
has been described by 2 groups of investi- 
gators,’® and both report development of 
immunity in survivors. The latter group also 
fed 2 hamsters with St. Louis virus and found 
neutralizing antibody some days later.* 

In our e.xperiments hamsters were induced 
to eat virus by starving them overnight, and 
offering them the heads of infected mice. 
Tissues to be tested for virus were carefully 

* Aided tiy a. grant from the National Founda- 
tion for Infantile P.aralysis, Inc. 

1 Gordon, F. B., /. Pact., 1944, 47, 4C5 {at- 


tract). „ . i 

2 Harford, C. G., Sulkin, S. E., and Bronfen- 

jrenner, J„ Pkoc. Soc. Exp. Biol, and Med., 1939, 
H, 332; Harford, C. G., and Bronfenbrenner, J., 

G. 0., Muether, HO., 
,nd LeGier, M., FROC. Soc. Exp. Biol, .ind Med., 

^“ferOTn^G.'o., LeGier, M., Mecera, K. A., and 
Muether, B. 0., PROC. Soc. Exp. Biol, and 
1941, 48, 310. 


removed from e.xsanguinated animals with 
separate sets of instruments, emulsified in 
a minimum quantity of broth to which 10% 
normal sheep serum had been added, centri- 
fuged, and the supernatant inoculated into 
3 or 4 mice each. In the case of bacterially 
contaminated tissues such as the intestine, the 
specimens were washed repeatedly in sterile 
physiological saline and were thereby rendered 
sufficiently free of bacteria to allow intracere- 
bral inoculation. 

In most of the e.vperiments a second intra- 
cerebral passage to mice was made with the 
brain tissue of any mouse found ill or dead, 
in which there was doubt concerning the 
cause. A simple technic, as described else- 
where,® was used. Blood specimens were taken 
by cardiac puncture and immediately in- 
jected intracerebrally into mice. 

Preliminary tests for St. Louis virus in 
hamster tissues included the large and small 
gut, the lymphoid follicles present in the 
wall of the latter, and the mesenteric lymph 
node, ^^irus was found on occasion in one or 
more of these tissues from the first to the 
ninth day after the hamster had fed upon 
virus but the incidence was greatest in the 2 
lymphoid tissues on the fourth or fifth day. 
Three different strains of virus recovered in 
these e.vperiments from intestine or associ- 
ated lymphoid tissue of hamsters were identi- 
fied as St. Louis virus in neutralization tests 
with immune rabbit serum. 

Ten attempts to recover virus from in- 
testinal contents of hamsters fed upon St. 
Louis virus included both filtered and un- 
filtered samples, but were unsuccessful. 

The results of more extensive e.vperiments 
are presented in Table I. It is evident that 
both viruses become widespread in the ham- 

5 Schabcl, F. M., Jr., and Gordon. F. B,. ucc, 
1947, 100, 549. 
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TABLE I. 

Matine Experiments on Eats on a Purified Diet Containing About 100-4.00 Micrograms Tocoplierols per 
100 g, According to Age and Tocopherol Snpplcment. 


Alpha toeopberol 


Ko. of No. of % No. of No. of Litters in % 

experiments pregnancies Implantations Litters Ecsorptions of pregnancies 




Age 53-150 Days. 


28 

10 

None 

47 

31 

66 

3 

Single doac of .u>l mg 

a it ^ * T ,1 ^ ^ 

48 

51 

3G 

40 

75 

78 

9 

23 

27 

17 

25 

5S 

” ” ” 2.1-3 ” 

11 

9 

82 

8 

1 

89 

4 mg per 100 g diet 

55 

48 

87 

48 

0 

100 


Age 151-24:0 Bays. 



14 

None 

53 

29 

56 

4 

25 

Single close of .5-1 mg 
” ” ” 1.1-2 ” 

37 

47 

27 

30 

73 

64 

9 

20 

18 

10 

33 

67 

ft it if 01.4. 

18 

15 

83 

14 

1 

93 

4 mg per 100 g flict 

22 

16 

73 

15 

1 

93 


Age 241-300 Bays 




None 

22 

4 

IS 

2 

2 


Single dose of .5- 2 mg 

24 

16 

66 

4 

12 

25 

tr it it p‘\, 4. ft 

14 

7 

50 

4 

3 

57 

” •’ ” 4.1-10 ” 

26 

15 

58 

8 

7 

53 

4 mg per 100 g diet 

32 

24 

75 

24 

0 

100 


Age 361 Days and Over. 




Single dose of 0 - 3 mg 

20 

2 

10 

0 


0 

” ” ” 3.1-10 ” 

29 

12 

41 

2 

10 

IS 

“Massive” doses 

50 

11 

22 

9 

2 

82 

4 mg per 100 g diet 

33 

20 

61 

17 

3 

So 


was followed by weight gain and thereafter 
by gradual weight loss, a resorption gestation 
was recorded. In 22 not entirely clear cut 
cases, autopsies were performed. A litter was 
registered regardless of the number of dead 
and Jiving young. Animals which persistently 
failed to become pregnant were excluded from 
the charts in accordance with the practice of 
Evans and Burr.' Only females of 150 g or 
over were used for breeding. 

W^’ith this technique, pregnancy was ob- 
served in 36 out of 43 mating tests (84%) 
in rats on “Evans-Burr” diet, and in 87% 
of the younger rats on the complete diet. 
These data are in good agreement with 
Evans' and Burr’s' observation on the im- 
plantation rate in a rat colony kept on a 
complete diet, and with those reported by 
Goettsch and Pappenheimer.® 

In the earlier e.xperiments, males of proven 
fertility kept on Rockland rat diet were used. 
In over 900 of the experiments, however, the 
males raised on the complete simplified diet 
were mated. In case no pregnancy was ob- 

I Evans .and Barr, The AnUstcriUtu ritaminc 
Fat Soluble E, Univ. Cal. Press, Berkeley, 1927. 

s Goettseb and Pappenhoitner, J. A'lifrition, 
3941, 22, 403. 


served, the result was charted only if the 
male was fertile before and after the negative 
test. 

The females were used repeatedly. On the 
5th day after the mating had commenced and 
after the male had been removed, thei'’ were 
either left on the diet or they were given 
single supplements of alpha tocopherol ace- 
tate diluted with 30 g of the e.xperimental diet. 
The cages were cleaned before the supple- 
ments were offered, and no additional food 
was given until the supplement was complete- 
ly consumed, usually within 3 days. The 
single doses amounted to .5-3 mg alpha toco- 
pherol during the first 5 months of life, to 
.5-4 mg from the fifth to the eighth months, 
and thereafter to .5-10 mg. 

Fifteen female rats kept on the deficient 
ration, were given 1-2. drops (30-60 mg) of 
alpha tocopherol acetate at intervals of 1-2 
weeks, after they had reached the age of one 
year. 

After a resorption gestation or after the 
weaning of a litter (towards the end of the 
fourth week), at least 4 weeks elapsed before 
the female was mated again. 

It is probable that some pseudopregnancies 
were recorded as resorptions, because the 
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Influence of Alpha Tocopherol on Implantation in Old Rats.* 

Hans Kaunitz and Charles A. Slanetz^ (Introduced by Harry P, Smith.) 
(with the technical assistance of Ruth Ellen Johnson.) 

From the Departments of Pathology and Animal Care, College of Physicians and Surgeons, 
Columtia University, New Yorh; City. 


Investigations concerned with the fertility 
of female rats on vitamin E deficient diets 
have been mainly focused on the “resorption 
gestation.” The question of implantation in 
vitamin E deficiency has received much less 
attention.^ 

In these experiments, the rate of implanta- 
tion of female rats at different age periods on 
a vitamin E deficient diet was compared with 
that of rats on the same diet completed by 
addition of alpha tocopherol. 

Methods. 1130 mating e,\-periments were 
carried out on 293 albino rats of a highly in- 
bred colony. The ancestry of these rats had 
been kept for 7 or 8 generations on a modified 
“Evans-Burr” diet containing 2Q% com- 
mercial lard. When these females gave birth 
to a litter, they were immediately placed on 
a simplified diet on which they, their off- 
spring and subsequent generations were kept 
without interi uption. 


The diet consisted of: 



parts 

commercial lard 

10 

crude casein 

30 

cerelose 

54 

oelluration 

2 

s.alt mixture 

4 


ing/kilo 


pyridoxine 
thiamine chloride 


riboflavin 

4 

choline 

1000 

vitamin K 

4 

p-aminobenzoio aoid 

300 

calcium pantothenatet 

10 

oleum percomorphiim 

200 


* Aided hy a grant from the J ohn and Mary B. 
Afarkle Poundation, 

1 Emerson and Evans, J. Nutrition, 1939, 18, 501. 
t We are indebted to Messrs. James G. Blase 
and Kichoias E. Simeonc of the Abbott L.abora- 
tories for the choline and part of the synthetm 
vitamins, and to Misses Kathrj-n Farac. and 
Marian Powelson for technical assistance. 


Its tocopherol content was repeatedly 
checked according to the method of Kaunitz- 
Beaver^ and was found to be below .4 mg 
per 100 g of diet. From these determinations 
and from those of Quaife and Harris,® it can 
be estimated that the daily intake of the 
adult rats was in the neighborhood of 20-40 
micrograms of tocopherols, because lard was 
the only measurable source of tocopherol in the 
diet. The latter was freshly prepared at least 
once w’eekly and kept under refrigeration. Five 
generations of rats raised on this diet were used 
for the tests. The diet had previously proved 
to be satisfactory in studies of growth and bio- 
assays (Kaunitz;^ Kaunitz and Beaver®). 

Controls derived from the same colony 
were kept on the same diet augmented by 
4 mg synthetic dl alpha tocopherol acetate! 
per 100 g diet. The weights of these animals, 
charted according to Zucker and Zucker,® 
were satisfactory. Females of the first through 
fifth generation were used approximately in 
the same proportion as those on the deficient 
diet. 

Mating was carried out by leaving the 
female for 5 days with the selected male. On 
and subsequent to the 15th day after mating 
had begun, the females were e.xamined for 
the “implantation sign” and their weight was 
taken on the same scale daily e.xcept for oc- 
casional omissions. If the implantation sign 

2 Kaunitz and Beaver, J. Biol. Chem., 1944, 
ISe, 653. 

3 Quaife and Harris, Ind. and Eng. Chem. (Anal. 
Edit.), 1946, 18, 707. 

< Kaunitz, J. Nutrition, 1946, 33, 327. 

3 Kaunitz and Beaver, J. Biol. Chem., 1946, 
IGG, 205. 

* Dr. Leo Pirt of Hoffmann-La Bociie very 
kindly supplied us with alplm-tocophcrol and part 
of the synthetic vitamins. 

0 Zucker and Zueker, J. Gen. Bhys., 1942, So, 445. 
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tocopherol acetate. 

2. Failure of implantation ivas observed 
after the eighth month in females without 
tocopherol supplements. With continuous to- 
copherol administration, the implantation 
rate was normal after one year. Single post- 
mating tocopherol supplements increased the 
implantation rate in older rats significantly. 
The requirements necessary for successful im- 
plantation in older rats vary ividely and in- 
crease steeply with age. 


3. Infections of the uterus and the tubes 
were frequently observed in the deficient 
rats, but not in those on the complete diet. 
Presence of infection does not explain the 
higher implantation rate after single post- 
mating tocopherol doses. 

4. The changes leading to the faUure of 
implantation are prevented, but once present, 
only partly counteracted by alpha tocopherol 
acetate. 


16084 P 

Amputation of the Canine Atrial Appendages.* 

H. K. Heleerstein, E. Sinaiko, and M. Doegin. (Introduced by L. N. Katz.) 
From the Cardiovascular Department, Fcscarch Institute. Michael Feese Hospital, Chicago, III. 


Thrombus formation in the left atrial ap- 
pendage and embolization therefrom are fre- 
quent sequelae of rheumatic mitral stenosis. 
Surgical excision of the thrombus-containing 
appendage suggests itself as a possible thera- 
peutic approach to this problem. As a pre- 
liminary step experiments were performed to 
determine the effect of amputation of one or 
both atrial appendages in normal dogs. 

Methods. The surgical procedures under 
anaesthesia, consisted essentially of exposure 
of the heart through an incision in the left 
fifth or sixth intercostal space, pericardiotomy, 
presentation of the atrial appendage with an 
.\His clamp, isolation of the appendage from 
the atrium with a right angle clamp or curved 
hemostat, ligation of the base of the ap- 
pendage proximal to the clamp and finall3' 
amputation of the appendage. Excision of 
the left atrial appendage was accomplished 
with the animal in the left lateral position. 

* Aided by the Emil and Fanny Wcdclcs Fnnd 
for Cardiovascular Bcscarcb. 


Electrocardiograms were obtained pre-opera- 
tively and at varj'ing intervals during the 
post-operative period. The animals were sac- 
rificed and necropsy performed 4 to 12 weeks 
following surgery. Eight animals were used, 
5 undergoing left, 2 right and one bilateral 
atrial appendectomy. 

Results. Seven of the 8 dogs sur\dved the 
operation. The first animal developed res- 
piratory difficulty and died 15 minutes after 
closure of the chest. All the surviving animals 
made uneventful recoveries. Serial electro- 
cardiograms failed to reveal abnormal atrial 
rhythms or evidence of atrial injuiy^ e.\xept in 
one dog which developed transient intra-atrial 
block. Xecropsj' revealed complete endotheli- 
alization at the site of the atrial scar. No 
subjacent mural thrombi were found. Peri- 
cardial and pleuro-pericardial adhesions oc- 
curred. 

Conclusion. E.xcision of one or both atrial 
appendages is feasible in dogs. 
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nature of these experiments excluded veri- crease in the implantation rate in these ex- 
fication by autopsy in the majority of the periments, because appropriate single post 
cases. A further source of error was the re^^ating supplements of tocopherol increased 
peated administration of tocopherol to the- the percentage of pregnancies significantly, 
same rat. Both these sources of error should and breeding- was normal when the diet was 
reduce the number of rats in which failure completed by alpha tocopherol, 
of implantation was recorded. The statistical Infections of the uterus and the tubes 
differences between the groups thus became iwere frequently observed by us in the older 
even more significant. ojj deficient diet. Similar ■ observa- 

Experiments. In Table I are computed the tions have previously been reported by Emer- 
results of the mating tests in relation to age son and Evans.^ In some instances, the 
and tocopherol supplement. After the 240th uterus contained S-10 cc thick purulent ma- 
day there is an abrupt reduction in the per- terial. Purulent fistulas in the inguinal region, 
centage of implanting in the animals without originating from uterine infections, were ob- 


tocopherol supplements which is in agreement 
with Emerson’s and Evans’ observations. 
Single supplements of .5-2 mg after the 
eighth, but before the twelfth months, and 
doses of 3-10 mg after one year increased 
the rate of implantation significantly. The 
‘‘mean fertility dose” of the animals of 8-12 
months was roughly 3-4 mg, and after one 
year litters were observed only twice with 
single doses up to 10 mg. 

When "massive doses” of tocopherol (30- 
60 mg in intervals of 1-2 weeks in addition 
to the “complete” diet) were administered to 
rats after at feast one year on the deficient 
diet, about one-half of the animals gave birth 
to Jitters, but only after repeated matings. 
The implantation rate of the females that 
had received the diet plus alpha tocopherol 
throughout life was still practically normal at 
that time. 


One group of 27 rats had been kept on 
Rockland rat diet during the first 2 months 
of life and thereafter on the experimental diet. 
At the age of 12 months, no implantations 
could be observed after repeated matings. 
When now a single dose of 6 mg alpha toco- 
pherol acetate was offered after a single 
mating, litters were observed in about 2/3 


)f the e.xperiraents. , „ - . 

Eiscussiou. Evans and Burr- have d.s- 
-us=ed possible pitfalls in the evaluation of 
imnlantation data obtained from rats on 


served 4 times. No purulent infections were 
noted in the rats on the complete diet. While 
infection of the genital organs may have pre- 
vented pregnancies in some of the rats, its 
occurrence can be excluded in those rats 
which responded to single post-mating doses 
of alpha tocopherol. Infection of the uterus 
and the tubes would have interfered with 
both the fertilization and the implantation 
of the ovum. 

The failure of implantation in the rats of 
over 8 months of age indicates that, in this 
age group, tocopherol is essential for the im- 
plantation of the previously fertilized ovum. 
The requirements appear to increase with age 
and there are great individual variations. 

Animals that had been administered con- 
stant tocopherol supplements, had a practical- 
ly normal implantation rate after one year of 
age; among the group receiving "massive 
doses” after one year or more on the deficient 
diet, about one-half of the rats gave birth to 
litters, but only when mating was carried 
out repeatedly; the same age group on the 
basic diet w'ith single tocopherol supplements 
of 3-10 mg had frequent resorption gestations 
but only 2 Jitters. This indicates that the 
changes leading to failure of implantation are 
prevented but, once present, only partly 
cured by alpha tocopherol. 

Summary. 1. The implantation rate in fe- 
male rats on a purified diet containing about 
.1-.4 mg of tocopherols per 100 g diet was 
compared with the implantation rates in 
animals on the same diet receiving single and 
continuous supplements of synthetic dl alpha 
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tocopherol acetate. 

2. Failure of implantation was observed 
after the eighth month in females without 
tocopherol supplements. With continuous to- 
copherol administration, the implantation 
rate was normal after one year. Single post- 
mating tocopherol supplements increased the 
implantation rate in older rats significantly. 
The requirements necessary for successful im- 
plantation in older rats vary widely and in- 
crease steeply with age. 


3. Infections of the uterus and the tubes 
w'ere frequently observed in the deficient 
rats, but not in those on the complete diet. 
Presence of infection does not explain the 
higher implantation rate after single post- 
mating tocopherol doses. 

4. The changes leading to the failure of 
implantation are prevented, but once present, 
only partly counteracted by alpha tocopherol 
acetate. 


16084 P 

Amputation of the Canine Atrial Appendages.* 

H. K. Hellerstein, E. Sinaiko, and M. Dolgin. (Introduced by L. N. Katz.) 
From ihc Cardiovascular Dcporlvicnt, Research Institute, Ulicliacl Feese Hospital, Chieapo, III. 


Thrombus formation in the left atrial ap- 
pendage and embolization therefrom are fre- 
quent sequelae of rheumatic mitral stenosis. 
Surgical excision of the thrombus-containing 
appendage suggests itself as a possible thera- 
peutic approach to this problem. As a pre- 
liminary step e.xperiments were performed to 
determine the eff^ect of amputation of one or 
both atrial appendages in normal dogs. 

Methods. The surgical procedures under 
anaesthesia, consisted essentially of exposure 
of the heart through an incision in the left 
fifth or sixth intercostal space, pericardiotomy, 
presentation of the atrial appendage with an 
.-\llis clamp, isolation of the appendage from 
the atrium with a right angle clamp or curved 
hemostat, ligation of the base of the ap- 
pendage pro.ximal to the damp and finally 
amputation of the appendage. Excision of 
the left atrial appendage was accomplished 
with the animal in the left lateral position. 

• Aided by t!ic Emil and Fanny tVcdolcs Fund 
for C.ardiov.ascnlar Ilcsc.arcli. 


Electrocardiograms were obtained pre-opera- 
tively and at varying intervals during the 
post-operative period. The animals were sac- 
rificed and necropsy performed 4 to 12 weeks 
following surgery. Eight animals were used, 
S undergoing left, 2 right and one bilateral 
atrial appendectomy. 

Results. Seven of the 8 dogs survived the 
operation. The first animal developed res- 
piratory difficulty and died 15 minutes after 
closure of the chest. All the sundving animals 
made uneventful recoveries. Serial electro- 
cardiograms failed to reveal abnormal atrial 
rhythms or evidence of atrial injury except in 
one dog which developed transient intra-atrial 
block. Necropsy revealed complete endotheli- 
alization at the site of the atrial scar. No 
subjacent mural thrombi were found. Peri- 
cardial and pleuro-pericardial adhesions oc- 
curred. 

Conclusion. Excision of one or both atrial 
appendages is feasible in dogs. 
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Perirenal Hemorrhage in Ureter Ligated Dogs Receiving Phthalyl- 

sulfa thiazole. 


J. Maxweli, Little, Stanley L. Wallace, J. R. R. Bobb and William C. Crothees. 
From the Department of Physiology and Pharmacology, Bowman Gray School of Medicine, 
Walce Forest College, Winston-Salem, N. C. 


Reports of toxic manifestations following 
the administration of succinylsulfathiazole or 
phthalylsulfathiazole are infrequent and are 
considered to be of little consequence. In the 
course of some e.xperiments on the treatment 
of experimental uremia^ it was noted that 
the combination of ureter ligation in dogs 
and the oral administration of phthalylsul- 
fathiazole resulted in hemorrhage beneath the 
fascial sheath covering the perirenal fat. 
Further studies were done in an attempt to 
discover the cause of this bleeding. The re- 
sults of these studies are reported here. 

Procedure. The animals used were mongrel 
dogs weighing 6 to 14 kg. Six test animals 
received O.S to 0.75 g/kg/daj'- of phthalyl- 
sulfathiazole in oral divided doses for 3-6 
d^ys before the ureters were ligated and 
thereafter until the death of the animal. In 
addition, the ureters of 6 control dogs were 
ligated; the operation in both cases was done 
under ether anesthesia with morphine-atropine 
premedication, except Dogs 6, 7, and 9 which 
were anesthetized with pentobarbital sodium 
(30 mg/kg). The ureters were located and 
doubly ligated with silk about one cm from 
their entrance into the bladder. The animals 
were observed until their death. 


In 4 of the test animals, (No. 8, 10, 11 
and 12) blood sulfathiazole levels* were deter- 
mined within 24 hours prior to death accord- 
ing to the method of Bratton and IMarshall.- 
Serial blood phenol determinations, according 
M., a^dB^bVjTirir, 


« We axe indebted to the staft of the Clinical 
Themislry Laboratory for the sulfathiazole deter- 

■Med. Scl, 1943, 205, 636. 


to the method of Bernhart and Schneider,® 
were done in some of the test and control 
animals to follow the course of the uremia. 
In 3 dogs receiving the phthaljdsulfathiazole 
(No. 10, 11 and 12) dail}^ pre- and post- 
. operative prothrombin times according to the 
method of Quick,'* red blood cell and platelet 
counts, and bleeding, clotting, and clot re- 
traction times were done. Autopsies were done 
on all animals as soon after death as possible. 

Results. All animals in which there was 
evidence that urine flow had been reestab- 
lished were omitted from the series. The sig- 
nificant pathologic findings are recorded in 
Table I. Of the 6 ureter ligated animals, re- 
ceiving phthalylsulfathiazole, 4 had gross 
hemorrhage beneath the perirenal sheath 
(Fig. 1), and of these, 3 had free blood in the 
abdomen. Of the remaining two test animals, 
one had a marked increase in vascularity of 
the perirenal sheath with a small amount of 
perirenal hemorrhage, and the other animal 
had a moderate increase in perirenal vascu- 
larity without perirenal hemorrhage. 

Four of the control animals, without sul- 
fonamide administration, showed moderately 
increased perirenal vascularity at autopsy, 
but none showed perirenal sheath hemorrhage. 
One had a small amount of old hemolyzed 
blood in the abdomen, but since this could 
not be attributed to a perirenal lesion it was 
thought to be due to the operative procedure. 

Of the 3 test animals in which hematologic 
studies were done, one showed perirenal sheath 
hemorrhage and free blood in the abdomen, 
one showed a marked increase in perirenal 
vascularitj' without hemorrhage, and one 
showed a moderately increased perirenal vas- 
cularity. None of these animals showed any 

4 Kracbe, E. E., Diseases of the Blood, end Ed., 

J, B. Bippincott Co., Plulndelphin, 1941. 
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TABLE I 


Dog No. 

Increased 
vascularity 
of perirenal 
sheath 

Pathologic findings 
Hemorrhage 
beneath 

perirenal Free blood 

sheath in abdomen 

Capsular 

hemorrhage 

Kidney 

substance 

hemorrhage 

1 

Moderate 

Control 

None None 

None 

None 

2 

3 > 

33 

33 

33 

33 

3 

33 

33 

33 

33 

33 

i 

None 

33 

Tes* 

33 

33 

5 

Moderate 

33 

None 

33 

33 

6 

None 

33 

33 

33 

33 

7 

«« 

Test 

Tes 

None 

None 

None 

6 


33 

Tes 

3 3 

33 

9 

** 

33 

33 

33 

33 

10 


33 

33 

33 

33 

11 

Marked 

Small amt 

None 

33 

33 

12 

Moderate 

None 

33 

Punctate 

3 3 


* This animal had 50-75 co of old, hemolyzcd blood in its abdomen mth no observable origin. 
There ivere no changes in the perirenal tissues. 

** Because of the perirenal sheath hemorrhage in these animals, it Tvas not possible to deter- 
mine if they had increased vascularity of the sheath. 


liematologic abnormalities either pre- or post- 
operatively. In addition, none of the test 
animals during life or at autopsy showed any 
evidence of hemorrhage in any other tissue 
that was not also seen in the control animals. 
.\11 animals showed punctate subendocardial 
hemorrhage on the valves and ventricular 
wall. 

The average post-operative survival time 
of the animals receiving phthalylsulfathiazole 
was 79 hours with a range of from 54 to 118 
hours. The average post-operative survival 
time of the control animals was 72 hours, 
with a range of from 37 to 109 hours. The 
post-operative course in the two groups was 
essentially the same, except that some of 
the animals subsequently showing free blood 
in the abdomen died more acutely, presum- 
ably of shock. 

There was no significant difference in the 
blood phenol levels before death in the two 
series of animals. The blood sulfathiazole 
levels taken before death averaged 2.9 mg %, 
with a range of 2.5 to 3.4 mg fo. The com- 
bined form of sulfathiazole averaged 0 1 mf 
7e- 

Discttssion. The principal difference be- 
tween the control and test groups of animals 
was the presence of hemorrhage beneath the 
perirenal sheath and free blood in the peri- 


toneal cavity in the test group. We have 
found in other experiments (unpublished) 
that such hemorrhage does not occur with 
phthalylsulfathiazole administration to nor- 
mal dogs, to dogs subjected to bilateral ne- 
phrectomy, or to dogs with ureter ligation 
in which the urine flow is reestablished. 
Therefore the responsible factors involved in 
producing the hemorrhage are the administra- 
tion of phthalylsulfathiazole and the pres- 
ence of ureteral obstruction with intact kid- 
neys. Neither factor alone is sufficient. 

The hemorrhage could be due either to 
hematologic changes or to vascular changes 
or to a combination of the two. The complete 
absence of abnormal hematologic findings 
suggests that vascular abnormalities are re- 
sponsible. It appears that the increased peri- 
renal vascularity accompanying ureteral li- 
gation is a predisposing factor for hemorrhage 
upon phthalylsulfathiazole administration, 
but the nature of the highly localized vascular 
changes is unknown. 

Winternitz and Katzenstein,® in a review 
of the experimental pathology of ureteral 
obstruction, report that at autopsy the kidney 
capsular vessels were prominent and congested 
and that the surface of the kidney in many 

5 Winternitz, M. C., .and Katzcnstcin, B., Yale 
J. SioL and 3M., 1940, 13, 15. 
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Fig. 1. 


•I beneath the fascial sheath covering the perirenal fat in ureter ligated dogs 
whfch'received phthalylsulfatliiazolc. 
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cases was covered with a dark red friable 
exudate which usually extended into the 
surrounding perirenal adipose tissue. In none 
of their animals was perirenal hemorrhage 
reported. There was also no mention of such 
hemorrhage after ureteral ligation in the re- 
port of Harrison and Mason.® 

Mattis. Benson and Koelle" reported that 
in one experiment they gave 1.0 g/kg of 
phthalylsulfathiazole intraperitoneally daily 
for 6 days to a monkey. The animal died on 
the sixth day with severe abdominal pain,, 
hematuria, crystalluria, nausea, vomiting, 
weakness, and diarrhea. Autopsy showed ex- 
tensive crystalline deposits in the renal par- 
enchyma and pelvis and a marked recent 
bloody exudation in the peritoneal cavity. 
Xo mention was made of perirenal hemor- 
rhage, but it is possible that the bloody 
exudate found represented such a hemorrhage 
since the animal had renal obstruction due to 
sulfonamide crystals. With this possible ex- 
ception, the experimental''® and clinical®''® 
administration of phthalylsulfathiazole has 
not been shown to cause bleeding in any 


1 1l.-irrison, T. E., and ^fason, JI. F., .ttcdiriiic, 
1937, 16, 1. 

~ Mattis. P. A., Benson, W. M., and Koelle, E. S., 
,T. Pharm. niul Exp. Therap., 1944, SI, IIG. 

s Potii, E. .1., and Ho.ss, C. A., Texas Pep. Biol, 
anil 1943, 1, 345. 

Poth, E. J., Stirgcrij, 1945, IT, 773. 
lu Potli. E. J., Texas Jlcp. Biol, and Med., 1940, 
4. OS. 

H Streichcr, M. H., .7. J. M. A., 1945, 129, lOSO. 
12 Angelo, G., Ami. J. Surff., 1945, TO, 354. 
iiBargcn, J. Proe. Staff Meet.. Mono Clin., 
194.5, 20. S5. 


tissue. Poth® quotes Allen to the effect that 
one-fifth of his patients with carcinoma of 
the colon had increased bleeding on treatment 
with succinylsulfathiazole, but he reported 
that this did not occur following phthalyl- 
sulfathiazole. 

The observations reported here suggest 
that the clinical administration of phthalyl- 
sulfathiazole should be avoided in the pres- 
ence of diminished renal function due to 
ureteral obstruction. 

Summary. The ureters were ligated in 6 
dogs, and phthalylsulfathiazole was admin- 
istered orally in doses of 0.5 to 0.75 g/kg/day 
for 3-6 days pre-operatively and post-opera- 
tively until death. Two of these animals 
showed at autopsy an increased vascularity 
of the fascial sheath covering the perirenal 
fat, 5 animals showed perirenal sheath hem- 
orrhage, and 3 animals had fresh free blood 
in the abdominal cavity. 

The ureters were ligated in 6 control dogs, 
and they received no phthalylsulfathiazole. 
Four of these animals showed at autopsy an 
increased vascularity of the perirenal sheath. 
None of the animals showed perirenal hemor- 
rhage. 

It was found that both ureter ligation and 
phthalylsulfathiazole administration are nec- 
essary for production of the perirenal lesions. 
It appears that the perirenal hemorrhage is 
due to vascular changes since no abnormal- 
ities in prothrombin time, bleeding, clotting, 
and clot retraction time, red blood cell counts 
or platelet counts were demonstrated. The 
average total blood sulfathiazole concentra- 
tion at the time of death in the test animals 
was 2.9 mg %. 
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Complement Fixation Studies in Experimental Histoplasmosis. 

S. B. Salvin. (Introduced by Charles Armstrong.) 

From the Division of Infectious Diseases, National Institute of Eealth, BetJiesda, Md. 


Chiefly because of the absence of a specific, 
potent antigen, no satisfactory complement- 
fixation test has been recorded for histo- 
plasmosis. Van Pernis, Benson and Holinger^ 
conducted complement-fixation tests on a 
human patient "with histoplasmosis, but ob- 
tained negative results. The antigens they 
used were (a) the undiluted filtrate from a 
dextrose broth culture medium inoculated 
with capsulatum and (b) the acetone pre- 
cipitate redissolved in saline. 

However, antigens have been prepared and 
successfully used for complement-fixation tests 
in other mycotic diseases. For example, IMar- 
tin-'® employed antigens derived from the 
yeastlike phases of B. dcmatitidis and Can- 
dida sp. for the fixation of complement in the 
presence of homologous antisera, whereas 
Martin,'* Fonseca* and Smith® derived their 
complement-fixation antigens from the mycel- 
ial phase in their studies on chromoblastomy- 
cosis, South American blastomycosis and coc- 
cidioidomycosis respectively. 

Since the causative organism of histoplas- 
mosis appears in the yeast-like form in in- 
fected animals and human beings, an anti- 
gen derived from this phase might be ex- 
pected to produce the most satisfactory sero- 
logic tests for this disease. After the yeast- 
like form of H. capsulatum was successfully 
grown in a semi-fluid medium in large quan- 
tities,^ serologic studies were initiated. The 
purposes of these investigations were (1) to 
determine the binding power and specificity 


1 Van Pernis, P. A., Benson, M. E., and Holinger, 
P. H., J. A. N. A., im, 117, 436. 

3 Martin, B. S., J. Infect. Die., 1935, 57, 291. 

3 Martin, D. S., Am. J. Trap. Med., 1942, 22, 295, 

4 Martin, D. S., Am. J. Trap. Med., 1938, 18, 421. 

5 da Fonseca, 0., An. Vrasil. do dermat. e sifil.. 

1939, 14, 112. . 

CSmitli, C. E., personal commuwc.at._on. 

7 Salvin, S. B., J- 1947, oi, Coo. 


of the yeastlike phase of H. capsulatum as 
a complement-fixation antigen, and (2) to 
obtain information on the time of appearance, 
the maximum titer and the persistence of 
complement-fixation antibodies in animals in- 
fected with histoplasmosis. In this paper the 
results of these investigations are presented. 

Materials and Methods, a. Complement- 
fixation antigens. The yeastlike phase of E. 
capsulatum was grown at 37°C in semi-fluid 
mediunV for 3 weeks, centrifuged, washed in 
Ti^rode’s solution at pH 7.0, and killed by 
0.5% formalin. The cells were then centri- 
fuged at 32-36°F, washed twice in Tyrode’s 
solution, and stored at 2-S°C. The antigen 
employed in the complement-fixation tests 
consisted of whole washed formalin-killed 
cells of the yeastlike phase, and will hence- 
forth be referred to as “YP antigen.” .■V- 
though all lots had approximately equal po- 
tency, one lot of IT antigen (derived from 
strain 6521) was used in the following e.\'- 
periments. The antigenic titer was 1:256 
against rabbit immune serum and the anti- 
complementary titer was 1:4-1;8. This anti- 
gen exhibited similar binding power in the 
presence of antisera against the homologous 
strain and against five other strains of E. 
capsulatum. 

Histoplasmin is the broth filtrate from the 
growth of the mycelium of H. capsulatum on 
a modified Long’s medium.® The fungus was 
grown at room temperature in the dark, with 
samples removed periodically for assay. Dur- 
ing appro.ximately the first 3 weeks of growth, 
the filtrate had no binding power in the pres- 
ence of homologous antiserum. However, for 
the next 20-30 days a marked rise in binding 
power of the filtrate appeared (Fig. 1). 
Thereafter the titer remained at a fairly con- 

S Emmons, C. Olson, B. J., and Eldridgc, 
AV, W., Pub. HeaP/i Itcp., <50, 1383. 
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Development of bindinf; poTi'cr of liistoplasmiii 
from strain GolO of Sistoplasma capsulfiltim 
against homologous antiserum. 


slant level, although there was a slow but 
distinct increase in the anticomplementarj- 
action as the culture aged, especially after the 
first 90 days of growth. For the experiments 
in which histoplasmin was used, a 60-day-old 
filtrate of strain 6510 was employed as the 
antigen. 

b. Complement-fixation test. The method 
was that employed by Bengston.® Comple- 
ment was titered in the presence of antigen 
each day tests were conducted and antigens 
were tested whenever new lots were employed. 
Four units of antigen, 2 of complement, and 
lyz of amboceptor were used throughout the 
studies. 

c. Strains oj jungi. The fungi were from the 
collection in this laborator}'. The yeastlike 
phase on which most of the studies were con- 
ducted was from a strain (No. 6521) from 
a naturally-infected dog.*® The histoplasmin 
employed was produced by a culture of strain 
6510.** Blastomycin was obtained from a 
broth culture of strain 6014 of B. dermatitidis^ 
isolated b.v Conant; and the coccidioidin, 
partly from a broth culture of strain 6210 of 
C. immitis isolated by Emmons, and partly 
supplied by C. E. Smitli. 

.'‘BengBton. I. A., Pith. Health Pep., 1914, 59, 
402. 

1" Olson, B. J., Boll, J. A., and Emmons, C. IV'., 
-Im. J. Pul>. Health, 1947, 37, 441. 

11 McLeod, J. n., Emmons, C, "W., Boss, S., and 
Biirbc, F. G., .T. Pediat., 1P4G, 28, 275. 


d. .Animals. The experimental animals were 
adult albino rabbits, which were bled and 
their sera tested for complement-fixation anti- 
bodies in all cases with the appropriate anti- 
gens before inoculation. Among 228 animals 
tested, only 2 rabbits had sera that fixed com- 
plement in the presence of histoplasmin, and 
none in the presence of YP antigen. What 
caused these two rabbit sera to fix complement 
in serum dilutions of 1:8 and 1:16 was not 
learned, since no gross abnormalities were 
discernible. However, the two were discarded. 

Experiments and Results, a. Production of 
complement-fixation antibodies. Fifteen rab- 
bits were inoculated intravenously with a sus- 
pension of the live yeastlike phase of strain 
6521 of H. capsulatum. They were bled from 
the ear veins periodically, and their serum 
assayed for complement-fixing antibodies with 
yP antigen. 

For about 10 days after inoculation, no 
antibodies were demonstrable (Fig. 2). The 
antibody titer then began to increase sharply 
until by about the 30th day the antibody 
titer reached 1:512 for most of the animals. 
.All rabbits developed antiserum that fixed 
complement in the presence of YP antigen. 
.A rapid decrease in titer occurred for the 20 
ensuing days, after which the titer remained 
more or less constant until the e.xperiment was 
terminated 170 days after inoculation.* 

When these same antisera were tested with 
histoplasmin as the antigen, much lower 
antibody titers were obtained (Fig. 2), the 
highest being 1:128 in comparison with the 
1:512 with YP antigen. In addition, 7 of 
the 15 animals showed no positive titers at 
any time, in contrast to the positive titers 
demonstrated in all the animals with the YP 
antigen. With histoplasmin as the complement- 
fi.xation antigen, the maximum titer was at- 
tained during the third week after inocula- 
tion, after which the antibody titer decreased 
progressively until the eighth week, when no 
antibodies could be demonstrated. 

b. Reactions of H. capsulatum antigens with 
other fungal antisera, (a) Coccidioidomy- 
cosis. YP antigen and histoplasmin were 

*Xot all the rabbits ivcrc bled on each "ble^ 
Ing day.” 
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Fig. 2. 

Developtneiit of antibody titer of experiuicutally infected rabbits in tbo presence of (a) VP 
antigen and (b) liistoplasmin. 

yota: Tlie deeveaso in tlio minibor of readings per Aveek is due to the deaths of an increasing 
number of animals. 


studied in complement-fi.Tation tests with 
antisera from 8 rabbits e.xperimentally in- 
fected Avith C. hninith and from 10 human 
patients Avith localized or disseminated coc- 
cidioidomycosis.! All the rabbits infected Avith 
C. immith developed potent complement- 
fi.vation antibodies in the presence of the 
homologous antigen. HoAvever, at no time 
did YP antigen fi.v complement in the pres- 
ence of coccidioidomycosis antibodies, al- 
though histoplasmin did, both Avith the rabbit 
and human antisera. 

(b) Blastomycosis. Eight rabbits, inocu- 
lated intravenously Avith the living yeastlike 
phase of B. dennatitidis, Avere bled periodical- 
ly and their antisera analyzed for the pres- 
ence of complement-fixation antibodies AA’ith 
blastomycin as antigen. Antibodies Avere 
demonstrated about 20 days after infection, 
and remained until the ninth Aveek. Through- 
out this period of demonstrable antibody Avith 
the homologous antigen, YP antigen produced 

no comple ment-fixation with the blastomy- 
prOA-itling tlicso antisera. 


cosis antisera at an)^ time. HoAvever, histo- 
plasmin shoAved reactions Avith these heter- 
ologous antisera at the low titers of 1:8 and 
less. 

(c) Moniliasis. Four rabbits Avere immu- 
nized by daily Intravenous injections of 
formalin-killed cells of the budding phase of 
Candida albicans. The resulting antisera, 
active AAuth the homologous antigen, Avere 
analyzed for complement-fixing propertie 
in the presence of histoplasmin and YP anti- 
gen. Histoplasmin produced complement- 
fixation in antiserum dilutions as high as 1:8, 
AA’hereas YP antigen shoAved no positive re- 
actions Avhatsoever. 

Discussion. .Antigens from the yeastlike 
phase of H. capsnlaUm shoAv promise as 
agents for determining the presence of com- 
plement-fi.xation antibodies, since these anti- 
gens have specificity, good binding poAA’er, 
and loAv anticomplementary titers Avith ex- 
perimentallj’- produced rabbit antisera. When 
histoplasmin aa'hs used as antigen, the titers 
AA'ere loAA'er, of shorter duration, and less 
specific than AA-ith the YP antigen. .Also of 
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interest was the persistence of a positive titer 
in the presence of YP antigen in the sera 
of rabbits with histoplasmosis after gross 
external symptoms of the disease had dis- 
appeared and blood cultures were no longer 
positive. 

During the course of these studies on labor- 
atory animals, two human patients appeared 
from whom H. capsulatum was isolated. t 
Their sera fixed complement in the presence 

* Thanks arc expressed to Drs. F. C. Kelly and 
J. Wells for making these sera available. 


of YP antigen in dilutions of 1:32 and 1:128. 
More than 30 “normal” persons from whom 
H. capsulatum was not isolated had no com- 
plement-fixing antibodies in the presence of 
YP antigen. 

Summary. .A.n antigen from the yeastlike 
phase of Histoplasma capsulatum fixed com- 
plement in the presence of antisera from 
experimentally infected rabbits from the 2nd 
to the 23rd weeks following infection. In 
contrast to histoplasmin, this antigen did not 
react with several other fungal antisera. 
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Sulfactin. Bacterial Spectrum, Toxicity and Therapeutic Studies.* 


Harry E. Morton. (Introduced by .A. N. Richards.) 

From the Department of Bacteriology, School of 2lcilicine, University of Pennsylvania, 

Philadelphia, Pa. 


.\ new antibiotic, sulfactin, has been de- 
scribed by Junowicz-Kocholaty, Kocholaty, 
and Kelner.^ .A description of the actinomj'ces, 
the method for growing the organism, and 
the purification and chemical properties of 
the antibiotic substance were given by the 
above authors. It is the purpose of this publi- 
cation to present results of studies on the 
bacterial spectrum and the toxicity and thera- 
peutic action in mice. 

Experimental. The sterile crude culture 
filtrate of .Actinomyces, R-30, was employ’ed 
for determining the bacterial spectrum. In 
general, the in vitro antibacterial tests were 
carried out at the time similar tests were being 
made with actinorubin and lavendulin em- 
ploying Bacto-nutrient broth adjusted to pH 
7.5 and by the technic described previously 
by Kelner and IMorton.- Since sulfactin is 
more inhibitory for gram-positive than for 

* This work has been .supported by a grant from 
the Sinifli, Kline, and Frcneh Laboratories, Phil.a- 
dclphia. Pa. 

1 .Tnnowicz-Koeholaty, R., Kocholaty, W.. and 
Kelner, .t., J. Biol. Chem., 1047, 1C8, 7G5. 

2 Kelner, and Morton, II. E.. J. Bad., 1947, 

5:1, cor.. 


gram-negative organisms, it was standardized 
against Staphylococcus aureus, P210. The 
smallest amount of sulfactin per ml of Bacto- 
nutrient broth, pH 7.3 which prevented growth 
of S. aureus, under the conditions of the test, 
was designated as one dilution unit. 

The crude culture filtrate of .Actinomyces, 
R30, was titrated against 5. aureus, P210, in 
Bacto-nutrient broth, pH 7.3, and in the 
same medium to which had been added 0.5^^ 
XaCl. In each medium the activity titrated to 
the same tube, representing 6,400 dilution 
units. Thus the antibacterial action of sul- 
factin is not appreciably reduced in the pres- 
ence of 0.5% NaCl. The presence of 10% 
sterile, defibrinated, normal horse blood in 
the Bacto-nutrient broth with salt necessitated 
10 times more sulfactin to inhibit S. aureus. 

There was received on June 20, 1946. from 
Dr. Junowicz-Kocholaty about 60 mg of re- 
crystallized sulfactin which had been dried 
over CaClo. By the agar streak technic of 
assay it was estimated that 0.0254 ug of this 
material equalled one unit. The material was 
put in solution as follows: To 10.43 mg of 
sulfactin was added one ml of chloroform and 
warmed to 45’C until dissolved. One ml of 
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TABLE L- 

licsults of in vitro Antibacterial Tests ■with iSulfaetin. 


Amt of sulfactin/ml of 

Organism Strain medium inhibiting the strain 


Aerohacter aerogencs 
Alcaligencs faccalis 
Srttcella ahortvs* 

’ ’ melitensis* 

’ ’ siiis* 

Chromohacterium vioiaceum 
Eberthella tyghosa 
Escherichia coli 

’ ’ conmuTiior 

’ ’ neapolitania 

KlehsicUa pneumoniae 
Mycobacterivm smegmatis 
Ecisseria catarrhalis 
Proteus vulgaris 
Pseudomonas aeruginosa 
Salmonella entcritidis 
’ ’ paratyphi 

” schottmuelleri 
Sarcira lutca 
Serratia marcescens 
Shigella dysenteriae 

” paradysenteriae, Plexncr 
Streptococcus faeealisi 
Trichophyton interdigiiale 
Vibrio comma 
Alplia strcptococcust 
Gamma atreptococcust 
Bacillus ayithracis 
’ ’ ccrcus 
” mycoides 
” anthracis 
Gaffbya tetragena 
Bacillus subtilis 
Streptococcus pyogenesl 
Bacillus circulans 
” megatherium. 

’ ’ mycoides 

’ ’ subtilis 

Diplococcus pneumoniae, type It 
Staphylococcus aureus 
Bacillus mcsentericus 
’ ’ mycoides 

’ ’ stcbtilis 

Diplococcus pneumoniae, trpe 3t 
Gaffhya tetragena 
yeisscria sicca 
Micrococcus anrantiacus 
’ ’ lysodebticus 

’ ’ roseus 

Cormicbacterivw, xerasc 

” diphtheriae 


P41 

>32 

pel 

>32 

P62, PISA 

>32 

PSO 

>32 

P64 

>32 

P104 

>32 

Pll, Plla 

>32 

P21C 

>32 

P21S 

>32 

P161 

>32 

ATCC Ko. S050 

>32 

P49 

>32 

pec 

>32 

P9S, PISS 

>32 

P2, P186A 

>32 

P51 

>32 

P19SA 

>32 

P35 

>32 

PC 

>32 

P4 

>32 

P52A 

>32 

P21 

>32 

P122 

>32 


>32 

P215 

>32 

P2e 

32 

P169 

32 

P119 

16 

P109 

16 

P34A, P5SA 

16 

peo 

S 

P140A 

S 

P219 

4 

P24 

4 


2 

P97 

2 

P33A 

o 

P23A 

1 

P27 

1 

P210 

1 

P112 

0.5 

P15G 

0.5 

P7 

0.5 

P29 

0.5 

P43 

0.5 

P141A 

0.5 

Pa03 

0.25 


0.25 

P120B 

0.125 

P82 

0.06 

PI 

0.03 


with Brucella -were made in Bacto-trjrtosc broth. _ tt ^ o 

t mocts ivitli Streptococci and Diplococci were earned out in Bacto-nutrient broth, pH 7.3, 
t which had been added 0.5% NaCl and 5% sterile, normal defibnnated horse blood. 


■ etbyl alcohol was added then distilled 
r to make 10 ml. When assayed by the 
nic employing broth, the material ap- 
led considerably more active than when 
ived by the agar streak technic. In broth 
^48 of sulfactin per ml inhibited S. 


aureus. It was found that a concentration of 
0.0097 yag per ml of Bacto-nutrient broth to 
which bad been added O.S^ NaCl and 5% 
sterile, normal, defifarinated horse blood pre- 
vented visible growth of Diplococcus pneu- 
moniae, type 1, P28 for 48 hours at 37°C. 
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TABLE n. 


The Toxicity of Sulfactin for White Mice by Intrapcritoneal Injection. 


Dose of sulfactin 

No. of mice injected 

No. of mice living 

No. of mice dying 

0.1 mg 

5 

5 

0 

0.5 

5 

5 

0 

1.0 

5 

4 

1* 

5.0 

4 

0 

4i 


* The animal ivas found dead on the morning of the 8th day. A gram-negative rod Tvas 
isolated from the heart’s blood. The tissues were too badly autolyzed for a critical pathological 
examination. 

t All animals died -within 3.5 hours after injection. All animals sho-wed a reaction -within 2 
minutes after injection; one mouse had violent tremors. It was not entirely satisfactory work- 
ing with concentrations of 5 mg of sulfactin per ml of water because of the insolubility of the 
product at that concentration. The sulfactin was put into solution -with chloroform at 45-50'’C, 
distilled water added, and most of the chloroform evaporated by bubbling a small stream of 
sterile air through the liquid. This resulted in a heavy white suspension, relatively free of 
chloroform vapor. It is not certain that tho early deaths of the mice receiving 1 ml of the 
suspension containing 5 mg of sulfactin can be attributed to the pharmacologic action of the 
drug. Nothing abnormal could be detected by gross examination, except, perhaps, that the liver 
and kidneys appeared a bit pale. Microscopic examination revealed that the capillaries in the 
lungs contained an excessive number of polymorphonuclear leukocytes. The pancreas, at the 
periphery of the lobes in 3 of the 4 mice, showed well marked degeneration of the outer zone of 
acini. Large numbers of fragmented nuclei -were found in the "reaction centers’’ of the thymus 
and lymphoid follicles of the spleen. Other tissues appeared essentially normal. Pathological 
studies did not permit an opinion of the mechanism of death of the animals. 


Because of the high virulence of our strain, 
this organism was selected for therapeutic 
studies. 

The toxicity of sulfactin was determined by 
intraperitoneal injection into white mice 
weighing 17 to 20 g each. The results are 
summarized in Table I. By applying the 
formula of Reed and Aluench^ to the results, 
the LDno is calculated to be about 2.75 mg. 
The necessity for employing the LD50 is set 
forth in the footnotes to Table I. 

The mice which surt'ived the injections of 
sulfactin were sacrificed for pathological 
studies. Two mice which received one mg 
each of sulfactin were sacrificed 14 days after 
the injection of the drug. Possible slight en- 
largement of the liver was the only gross 
pathological change detectable. These 
changes were in no ways as extensive as those 
observed in mice following the injection of 
0.75 mg of actinorubin.'* Two mice which 
received 0.5 mg each of sulfactin were sacri- 
ficed 14 days after the injection and a pos- 
sible enlargement of the liver was the only 
gross pathological change obsen’able. Two 
mice which received 0.1 mg each of sulfactin 

aiJced, L. J., and Jlucncli, IT., Am. J. Uyg., 
1D3S, 27, 493. 

•I Morton, H. E.. Pr.oc. Soc. Exr. Biol, asd 
JIeo., 1947, 04, 327. 


were sacrificed 14 days after the injection and 
no gross pathological changes were detectable. 

Twenty-one days post-injection 2 mice 
which had received one mg, 2 mice which 
had received 0.5 mg and 2 mice which had 
received 0.1 mg sulfactin each were sacrificed. 
Nothing abnormal could be observed micro- 
scopically. None of the organs of the mice 
sacrificed 14 days and 21 days post-injection 
showed anything abnormal by microscopic 
examination. We are indebted to Dr. Herbert 
Ratcliffe for the pathological studies on these 
animals. 

For a preliminary test of the therapeutic 
potentialities of sulfactin it was tested against 
D. pneumoniae, type I in mice. Serial dilu- 
tions of a 24-hour-old blood broth culture 
of the test organism were made in nutrient 
broth. One ml portions of the various dilutions 
of the test organism were inoculated intra- 
peritoneally into mice to determine its patho- 
genicity, and one ml of each dilution was 
made into a poured blood agar plate to 
estimate the number of organisms constituting 
a lethal dose. Those mice receiving sulfactin 
received it intraperitoneally within a few 
seconds after the injection of the culture. The 
results are summarized in Table II. The 
results of the protection test made on July 
2nd appeared so promising that a second e.x- 
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TABLE in. 

Ability of Sulfaetin to Protect Mice Infected irith Diplococcug pneumoniae, TTpe 1. 


Diin. of 
culture, 

1 inl/monse 

No. of 
organisms 
dose* 

Ko. of 
mice inj. 

Amt of sul- 
factiniuj. 

■ No. of mice 
living 

No. of mi 
dying 



Esperhnent of July 2, 1946. 



10-3 

00 

S 

0 

0 

5 

10-0 

284 

5 

0 

0 

5 

10-T 

28 

5 

0 

0 

5 

10 -s 

5 

5 

0 

0 

5t 

10-9 

0 

5 

0 

3 

■ 2t 

10-3 

1000 M.L.D. 

5 

0.1 pg 

0 

5t 

. 10-3 

)) jj 

5 

0.5 ” 

0 

5+ 

10-3 

>> >> 

10 

1.0 ” 

5 

5t 

10-3 

) 1 

5 

2.0 ” 

1 

it 

10-3 

73 77 

5 

10.0 ” 

5 

0 



E.\pcriineiit of Julv, 10, 194C. 



10-3 

CO 

5 

0 

0 

5 

10-G 

>300 

5 

0 

0 

5t 

10-1 

51 

3 

0 

0 

5 

10 -s 

8 

5 

0 

1 

4t 

10-9 

1 

5 

0 

4 

It 

10-10 

1 

5 

0 

5 

0 

10-3 

<1000 M.L.D. 

10 

0.5 pg 

0 

lot 

10-3 

77 77 

10 

1.0 ” 

0 

lot 

10-5 

77 77 

10 

5.0 ” 

4 

Ot 

10-3 

77 7/ 

10 

10.0 ” 

0 

4t 


* jSTo. of orgauisms estimated by inoculating 1 ml, the same .amount ns was injected into 
each mouse, into a pouted blood agnv plate. 

t Z>. pneumoniae isolated from tlie heart’s blood at autopsy. 

{ Three mice died between the 2ud and 3rd day after injection and pneumococci were iso- 
lated from the heart’s blood of each. One mouse was found dead in the cage during tho dth day 
with its nose chewed. The Jicart ’s blood culture was sterile, so it is doubtful that it died of 
pneumococcal infection. 


periment was made eight days later. In the 
first experiment the amount of sulfactin which 
protected SO per cent of the mice against 
1,000 minimum lethal doses of culture was 
in the order of 1 or 2 pg. This compares quite 
favorably with the LD50 toxic dose of about 
2. 7 SO fig. In the second experiment the chal- 
lenging dose of culture may have been slightly 
less than 1000 M.L.D. The sulfactin was an- 
other lot prepared from the original purified 
jnaterial. The amount of sulfactin which 
protected against nearly 1000 JI.L.D. of 
culture was of the order of 7.5 fig. This is 
still a quite favorable comparison to the toxic 
dose. There was not sufficient material avail- 


able for further toxicity and therapeutic 
studies. 

Studies on drugfastness and comparison 
with penicillin in this respect have been made 
and will be reported later. 

Summary. Sulfactin is active primarily 
against gram-positive microorganisms. The 
LD50 for mice of 17-20 g by intraperitoneal 
injection is about 2,750 pg. The amount of 
sulfactin required to protect mice against the 
intraperitoneal injection of approximately 
WOO minimum lethal doses of Dtplococais 
pneumoniae, type 1, is of the order of 1 to 
7.S pg. 
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A. J. Weil and M. Binder. 

LcHcrlc Laboraiories Division, American Cyanamid Company, Pearl Diver, X. X. 


Griffith and Dawson observed type trans- 
formation of pneumococci in vivo and in 
vitro induced by dead pneumococci or ex- 
tracts of the transforming t 3 -pe. The trans- 
forming principle was shown by Aver 3 '' and 
his collaborators to be a desoxyribonucleic 
acid (for references see^). Recently, Boi- 
vin--'*-^ reported transformation of an E. coli 
strain induced by a filtrate strain of a dif- 
ferent type. .Again the inducing agent was 
identified as a desoxyribonucleic acid. The 
theoretical aspects of these observations have 
been discussed." 

Considerable information obtained in re- 
cent years on the antigenic properties of 
Shigel'ae, particularly Shigella paradysentcr- 
iac (Flexner)’’*''^ provide a basis for an in- 
vestigation of t3T5e transformation of Shigcl- 
'ilac. During the last 2 years several attempts 
were made to obtain evidence of this kind. 
The first results were disappointing, but in- 
formation worthwhile mentioning here was 
obtained: we found it difficult to produce true 
R variants of Flexner bacilli on a number of 
fluid and solid media, including synthetic 
ones® providing only minimal requirements 
for growth. Cultivation in homologous im- 
mune serum in concentrations up to 10% 
was also not conducive to the appearance of R 
variants. Bacteria grown in broth containing 
up to 10% of homologous or heterologous 

1 McCarty, M., Dad. Dev., lS4f., 10. OZ. 

- Bnivin, A., Dclaimay, A., Vcndroly. R., .and 
IjcJioult, Y., DTprrirntia, 1945, 1, ,134. 

a Coivin, Delaunay, ,\., Vcndrcl.v, R., and 
LcliouU. Y., DTperientia. 1940, 2, 139. 

I Boivin. A., and Vciidrcly, R., Ilch'cl. ehim. acta. 
194G, 1.33S. 

•' I.uria. S. E., Pact. Dev.. 1947, 11. 1. 

s Wei!. A. .T., Black, ,T., and Far.'setta, K.. J. Im- 
niiinol., 1944, -10, 301 and 341. 

■ Wei!, .\. .T., ,T. Tmmvnoh. 1947, Pm. 303. 

s Wei!, A. .T., .and Black, .1., Pnoc. ?oc. Exr. 
Btoi.. .VXD Mk>., 1944. .lo, 24. 


immune serum or in normal serum gave no 
indications of changes in their antigenic be- 
havior. Also addition of formol-killed bacteria 
to nutrient broth of a heterologous tyqie did not 
influence the cultural and serological proper- 
ties of ShigcUae. However, in the light of 
e.xperiences reported below it cannot be e.x- 
cluded that the number of e.xperiments with 
this technique was insufficient to disprove the 
possibility of obtaining type transformation 
with killed organisms as inducing agent. 

However, we have been able to secure evi- 
dence of type transformation in Fle.xner bacilli 
with extracts similar to those emplo 3 -ed by 
Boivin. 

Technique. Cultures of Sh. paradvsenteriae 
were grown in beef heart broth (without 
dextrose, pH 7.4) at 37“C for approximately 
IS hours. Ten drops of toluene were added 
to each 40 ml of culture, which was kept at 
room temperature for 4 hours under repeated 
shaking. The bacteria were separated by 
centrifugation in an angle centrifuge placed 
in a chillroom (±4°C). The supernatant 
fluids of two 40 ml tubes were pooled and 
sent through a filter candle of medium poros- 
ity. The filtrates were stored in the chillroom 
and distributed in 3 ml volumes in small test 
tubes. 

The filtrates were inoculated from cultures 
grown 18 hours at 37°C on beef heart agar 
slants. .After incubation at 37°C overnight 
platings on beef heart agar were made. They 
were repeated one or several days later as 
desired. Sterility tests accompanied each step 
of the procedure, and an uninoculated tube 
was incubated and plated out together with 
the inoculated filtrates. 

Strains from our collection whose stability 
in serological and cultural properties was 
known for at least one year were employed. 
The 3 ' were e.vamined anew before entering 
the e.xperiments. 
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Colonies isolated from platings were ex- , was indol positive whereas the Type II strain 
amined by the slide agglutination technique did not form indol. All colonies from the plat- 
with absorbed sera.®'' If mutants were ob- ings reacting serologically like the parent 
tained, the colonies and, at the same time, strain gave a positive indol reaction, whereas 
non-mutated colonies were secured on agar the mutated colonies had lost the ability to 
slants and compared in test tube agglutina- form indol. As it happened, the parent and 
tions and in cultural tests with the behavior the inducing strain differed in a second prop- 
of the parent strain and that of the strain erty namely, the Tj^pe V strain does not form 
from rvhich the filtrate was derived (“indue- acid from maltose, whereas the inducing Type 
ing strain”). The following cultural methods II strain acidifies this carbohydrate within 
were used in these comparative tests: beef 24 hours. Both non-mutated and mutated col- 
heart agar for the observation of growth, onies from the platings did not acidify 
colony form and microscop}', beef heart broth maltose. We then have here a mutation of 
incubated both at room temperature and at one biochemical property coupled with the 
37°C, from ivhich hanging drops were ex- transformation of the somatic antigen, where- 
amined, appropriate media for tests of indol as a second property remains unchanged, 
formation and of reduction of trimethylamine thus tagging the mutants according to their 
oxide, the decomposition of urea, the lique- parentage. 

faction of gelatin, and formation of acid and In the 2 other cases of transformation, the 
gas from dextrose, lactose, mannitol, maltose, parent and the inducing strain were indistin- 
dulcitol, rhamnose, arabinose, and salicin. guishable in their cultural properties and 

Filtrates were usually inoculated in groups therefore did not offer a chance to obtain 

of 6 ivith the corresponding strains, thus add- additional data on the association of mutation 


ing an additional safeguard by cross check, of biological and serological properties. 
Altogether 38 filtrates involving Types I, II, The parent Type II.VII strain of the first 
II.VII, III, V, VI, VII, VIII, IX, and XII mentioned case of transformation grows on 
of the Flexner bacillus* were inoculated with ggar in slightly more opaque colonies than 
at least 6 strains of different types. In 225 tjjgse of the inducing Type I strain. In the 
tests unequivocal evidence of type trans- cultures obtained from the filtrates, those 
formation rvas obtained in 3 cases, namely a pf serological Type II.VII were more opaque 
filtrate of Type I inoculated noth a strain of than the mutant colonies of Type 1. This is 
Type II.VII, a filtrate from a strain T 3 'pe illustrated in Fig. 1 where the parent and the 
II inoculated with a strain of Tj^rn V, and a inducing strain and one non-mutated and one 
filtrate of a different strain T 3 'ps II inoculated mutated culture were plated out on separate 
with a strain T 3 'pe XII. In each case platings quadrants of an agar plate. The difference in 
show'ed colonies both of the parent type and opacit 3 ' ma 3 ' conceivably be merely the visible 
of the type of the inducing filtrate. In the e.xpression of the change in antigens. But it 
first case, of 16 colonies e.xarained. 10 were jg possible that opacity depends on some 
of Type II.VII and 6 of Type I; in the physical property of the bacteria independent 
second case, of 40 colonies, 12 -were of T 3 pe fj-pp^ j^he somatic antigen. There is at present 
V and 28 were of Type II; and in the third no rvay to decide whether or not the differences 
case, of 95 colonies 49 rvere of T 3 ''pe XII }„ opacity indicate another associated muta- 
and 46 of Type II. These figures were ob- tion. 

tained from a single plating in tte first case, mutant strains have norv been under 

and from 3 platings^ made on di erent ays pbservations for 10, 8, and 2 months respect- 
in the second and third case. iveh-. During this period the 3 ' were repeatedly 

The Txpe V strain of the second case o^ plated out and numerous single colonies were 
transformation differed from the in ucing tp^md for evidence of reversion to the original 
strain of Type II> lit the T 3 pe V s train evidence was obtained. 

_ — Hitherto we have been unable to reproduce 

* For type dcsign.otion sti, . 
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Fio. 1. 

Upper right: parent strain (tj-pe II.VII). 

Upper left: inducing strain (type I). 

Lower left: subculture from non-mutated colony (tyj'C II.VII). 

Lower right: subculture from mutated colony (type 1). 

Note: The apparent paleness of some of the upper left hand section is due to the circum- 
stance that this is the point of maximal illumination. 


at will the phenomenon described. That is, 
new filtrates made from the inducing strains 
did not evoke mutations from the strains with 
which we were successful the first time. 

Discussion. In 3 out of 225 attempts evi- 
dence of induced type transformation of 
Flexner* bacilli •by culture filtrates was ob- 
tained. In the single case where the parent 
and the inducing strain were distinguishable 
in their cultural behavior, one such distin- 
guishing property, namely that of indol forma- 
tion, was coupled to the change in somatic 
antigen, whereas a second one, namely acid 
formation from maltose, was not correlated 
with the serological transformation. Our ex- 
perience resembles that of Boivin--'*-'* in two 
important points. Induced transformation 
could be produced in relatively rare instances 
— a single one in Boivin's case and 3 in ours. 
Moreover. Boivin found a mutation in a bio- 


chemical capacity (sucrose fermentation) 
related with the change in antigen just as we 
found the serological mutation associated with 
the property of forming indol. 

In our experience, the U'pe transformation 
was not visibly mediated by a transition into 
the R phase. The lack of visible evidence of 
the R phase preceding transformation may, 
but does not necessarily, indicate a difference 
in the mechanism of transformation of Sfi. 
paradyscntcriac and that of E. coli and pneu- 
mococcus. Further study of this point is 
clearly indicated. 

We were less fortunate than Boivin in that 
we have not been able to reproduce trans- 
formation at will with a given filtrate and a 
given strain, -n-hlle Boivin evidently could, 
as indic.ated by the fact that he coufd collect 
amounts of filtrates large enough to proceed 
with an isolation of the desoxyribonucleic 
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Colonies isolated from platings were ex- 
amined by the slide agglutination technique 
with absorbed sera.®-" If mutants were ob- 
tained, the colonies and, at the same time, 
non-mutated colonies were secured on agar 
slants and compared in test tube agglutina- 
tions and in cultural tests ivith the behavior 
of the parent strain and that of the strain 
from which the filtrate was derived (“induc- 
ing strain”). The following cultural methods 
were used in these comparative tests: beef 
heart agar for the observation of growth, 
colony form and microscopy, beef heart broth 
incubated both at room temperature and at 
37°C, from which hanging drops were ex- 
amined, appropriate media for tests of indol 
formation and of reduction of trimethylamine 
oxide, the decomposition of urea, the lique- 
faction of gelatin, and formation of acid and 
gas from dextrose, lactose, mannitol, maltose, 
dulcitol, rhamnose, arabinose, and salicin. 

Filtrates were usually inoculated in groups 
of 6 with the corresponding strains, thus add- 
ing an additional safeguard by cross check. 
Altogether 38 filtrates involving Tvpes I, II, 
II.VII, III, V, VI, VII, VIII, IX, and XII 


of the Fiexner bacillus’*' were inoculated with 
at least 6 strains of different types. In 225 
tests unequivocal evidence of type trans- 
formation was obtained in 3 cases, namely a 
filtrate of Type I inoculated with a strain of 
Type II.VII, a filtrate from a strain Type 
II inoculated with a strain of Type V, and a 
filtrate of a different strain Type II inoculated 


with a strain Type XII. In each case platings 
showed colonies both of the parent type and 
of the type of the inducing filtrate. In the 
first case, of 16 colonies e.xamined. 10 were 
of T 3 'pe II.VII and 6 of Type I: in the 
second case, of 40 colonies, 12 were of Type 
V and 28 were of Type II; and in the third 
case, of 95 colonies 49 were of Type XII 
and 46 of Type II. These figures were ob- 
tained from a single plating in the first case, 
and from 3 platings made on different days 
in the second and third case. 

The Tvpe V strain of the second case of 
transformation differed from the inducing 
strain of TypeJ^nJh^he^f^e ^stram 
see c. 


was indol positive whereas the Type II strain 
did not form indol. All colonies from the plat- 
ings reacting serologically like the parent 
strain gave a positive indol reaction, whereas 
the mutated colonies had lost the ability to 
form indol. As it happened, the parent and 
the inducing strain differed in a second prop- 
erty namely, the Tj'pe V strain does not form 
acid from maltose, rvhereas the inducing Type 
II strain acidifies this carboh}’drate within 
24 hours. Both non-mutated and mutated col- 
onies from the platings did not acidify 
maltose. We then have here a mutation of 
one biochemical property coupled with the 
transformation of the somatic antigen, where- 
as a second propert}' remains unchanged, 
thus tagging the mutants according to their 
parentage. 

In the 2 other cases of transformation, the 
parent and the inducing strain were indistin- 
guishable in their cultural properties and 
therefore did not offer a chance to obtain 
additional data on the association of mutation 
of biological and serological properties. 

The parent Type II.VII strain of the first 
mentioned case of transformation grows on 
agar in slightly more opaque colonies than 
those of the inducing Type I strain. In the 
cultures obtained from the filtrates, those 
of serological Type II.VII rvere more opaque 
than the mutant colonies of Type 1. This is 
illustrated in Fig. 1 rvhere the parent and the 
inducing strain and one non-mutated and one 
mutated culture were plated out on separate 
quadrants of an agar plate. The difference in 
opacity maj'- conceivably be merety the visible 
expression of the change in antigens. But it 
is also possible that opacity depends on some 
phj^sical property of the bacteria independent 
from the somatic antigen. There is at present 
no way to decide whether or not the differences 
in opacity indicate another associated muta- 
tion. 

The mutant strains har'e now been under 
observations for 10, 8, and 2 months respect- 
ively. During this period thej^ w'ere repeatedly 
plated out and numerous single colonies were 
tested for evidence of reversion to the original 
t\pe. Xo such evidence was obtained. 

Hitherto we have been unable to reproduce 
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TABLE I. 

Individual Data and Results of the Pregnancy Test in Mares and Female Bonkers. 


Case Xo. 

Age (years) 

IVt (kg) 

Days after 
insemination 

Hyperemia 

reaction 

Bemarks 

A. Marcs 

1 

9 

501 

90 

Positive 

Parturition, 330 days pregnant 

.) 

13 

470 

7S 

? 7 

Xot pregnant* 

3 

12 

400 

SO 

? > 

Parturition, 327 davs pregnant 

4 

15 

336 

72 

J> 

!) 328 j'j 3J 

5 

13 

415 

SS 

>7 

jj 341 ” ” 

G 

IS 

343 

68 

77 

Xot pregnant* 

7 



72 

33 

Pregnant 

S 



56 

Negative 

Xot pregnant 

9 



42 

Tf 

tl n 

10 



7S 

Positive 

Parturition, 327 days pregnant 

11 

15 

370 

SO 

33 

Pregnant 

12 

9 

370 

71 

i 1 

j I 

33 

13 

420 

SI 

Heg.ative 

Xot pregnant 

14 

6 

430 

S3 

>7 

5 5 5 5 

15 

10 

450 

69 

Positive 

Pregnant 

16 


400 

62 

Xegative 

Xot pregnant 

17 

16 

400 

62 

> 3 

55 5 5 

IS 

5 

330 

76 

Positive 

Pregniint 

19 

11 

390 

7S 

7 7 

55 

20 



S7 

33 

55 

01 

12 

410 

S5 

Kegative 

" i 

22 

16 

460 

76 

t! 

Xot pregnant 

23’ 

9 

340 

64 

Positive 

Pregnant 

24 



114 

Xegntive 

Xot pregnant 

25 



13S 

Pflsitive 

Parturition, 350 davs pregnant 

2G 



13S 

J 7 

55 3JQ 5-5 55 

27 



13S 

‘ 77 

” 335 ” ” 

28 

11 

473 

74 

7 7 

Xot pregnant* 

29 

4 

300 

71 

77 

Pregnant 

30 

6 

450 

69 

• > 

55 

31 

7 

490 

75 

Kegative 

55 1 

• 32 

5 

255 

57 

)> 

Xot pregnant 

33 

6 

345 

70 

Positive 

Pregnant 

34 

5 

305 

73 

3 3 

5 5 

35 

0 

40S 

63 

Kegative 

t 

3G 

13 


. 65 

13 

* 

37 

9 

390 

71 

77 

Xot pregnant 

3S 

7 

370 

61 

Positive 

Pregnant 

B. Female doakevs 





1 



75 

Xegative 

Xot pregnant 

o 



12S 

77 . 

>7 7 7 

3 



133 

Positive 

Parturition. 3GS dars pregnant 

4 



113 

77 

55 557 5-5 5 5 

- 


- 


- - - . 

. .. - .... 


* Paise-positive tests, 
t False-negative tests. 


the blood sample. The clinical condition of 
the animal agreed with the biological test 
(both positive and negative reactions) in 35 
cases. It did not agree in 7 instances. Four 
mares definitely pregnant gave negative test 
SS. 75. 65 and 63 days after fertilization. On 
the other hand. 3 non-pregnant mares gave 
positive test 7S. 74 and 6S days after insem- 
ination. 

Bunde" pointed out that in human preg- 
nancy. by employing the same In-peremia test, 
there occurred only false-negative test. i.c. 


negative reaction with urine of pregnant wo- 
men. In equids. however, there occurred both 
types, namely negative test with serum of 
pregnant mares and positive test with serum 
of nor.-pregnant ones. The false-negative tests 
are difhcult to e.xplain for. according to the 
data of Dai’ and Rowlands.' the high circu- 
lating level of gonadotrophin in mares occurs 
between the second and the fourth month of 


•D.I.V. P. T., .and Roivlan,]?, I. IT., J. Entlo- 
crinolnfly, 3P.jo, 2, "53. 


352 


Ovarian Hyperemia as a Pregnancy Test 


acid. Thus, the factors involved in the induc- 
tion of type transformation of Flexner bacilli 
require further study both concerning the 
parent organisms and the properties of fil- 
trates. 

The demonstration of induced type trans- 
formation in Shigellac is not only of theoret- 
ical interest,® but it also cannot fail to 
influence our vieivpoints on problems of the 


biology of the enteric flora. These have just 
been discussed at some length," and it may 
suffice here to recall this aspect of induced 
type transformation. 

Summary. Induced type transformation of 
Sh. paradysenteriac (Flexner) has been ob- 
tained in 3 out of 225 e.xperiments. The in- 
ducing principle is contained in filtrates of 
broth cultures. 
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Ovarian Hyperemia in the Immature Rat as a Pregnancy Test in Equids. 

J. R. Valle.* 

From the InsiiUtto JButantan, Sao Faiilo, Brasil. 


Early diagnosis of pregnancy in equids by 
means of a biological reaction was studied by 
Cole and Erway.^ A new method has been 
introduced by Zondek and Sulman- based on 
the ovarian hyperemia in immature rats in- 
jected with serum gonadotrophin. The same 
reaction proposed by Salmon ct al.,^ as a 
6-hour test for human pregnancy, was chal- 
lenged by Farris'* and accepted with restric- 
tions ‘by Bunde.® Recently Zondek and Sul- 
man® have recommended it again as a 24-hr 
test for the diagnosis of equine pregnancy. 
This note deals with the evaluation of the new 
test which was employed as a preliminary 
step for the preparation of mare gonado- 
trophin. 

Experimental. Blood samples from 38 
mares and 4 female donkeys obtained between 

of tl\c J. S. Guggenheim Memorial 


Foundation. 

iCole, H. H., and Ernay, J., Endocrinology. 
1941, 29, 514. 

2 Zondek, B., and Sulman, F., Kainrc, 1945, 


3932, 302. 

3 Salmon, tX. J ., et ah, 
1942, 2, 1G7. 

4F.arris, E. J., rt»i. J. 


J. Clin. Endocrinology, 
Oist. and Gyn., 1944, 


48, 200. 

SBunde, C. A., Am. 


J. Ohst. and Gyn., 1947, 


B., and sulman, E., Endocnnolcgy. 
1947, 40, 322. 


42 and 138 days after natural insemination 
were tested. Two infantile female rats weigh- 
ing 40-55 g were injected subcutaneously with 
1 and 2 cc respectively of each serum and 
killed 24 hours later. The ovaries were in- 
spected in daylight and the response con- 
sidered positive when they ivere enlarged and 
their color matched that of the kidney or the 
spleen. Pale yellow and small sized ovaries 
were indications of a negative response. Oc- 
currence of pregnancy was assumed when 
one or both of the injected rats show'ed a 
positive response. Witli this technique and 
using rats from the same colony, positive re- 
action was always obtained 24 hours after 
the subcutaneous injection of 10 I.U. of a 
standard preparation of equine gonadotrophin. 
Therefore, when a positive response with 2 
cc of serum was obtained, a blood concentra- 
tion of at least 2,500 I.U. of gonadotrophin 
per liter was assumed to be present. Of course 
this is not an exact quantitative measurement 
but only a routine appro.ximation. 

A careful record was kept of each animal 
until evidence of pregnancy ivas established 
either by obvious abdominal enlargement or 
by subsequent parturition. 

Results. Table I gives the results of the 
test with the serum of 38 mares and 4 female 
donkeys and the number of days between 
the natural insemination and the taking of 




354 


Ozone Effects on Typing Sera 


pregnane}'. It would be necessary to assume 
that in the 4 false-negative' cases cited in 
Table I, the concentration of blood gonado- 
trophin, when the serum was tested, was less 
than 2,500 I.U. per liter, despite the fact that 
it was 63 to 85 days after definitely estab- 
lished fertilization. The false-positive tests, 
i.c. positive reaction with serum of non-preg- 
nant mares, occurred in 11-, 13- and 18-year- 
old animals. It is possible that age may in- 
crease the blood level of gonadotrophin in 
equids more markedly than in postmenopausal 
women, but it is unknown to what extent. 

Since positive or negative responses are un- 
reliable in 17% of the cases, it seems that the 


ovarian hyperemia test in immature rats can 
be used only as a first approach to the exact 
diagnosis of pregnancy in equids. 

'Summary. The ovarian hyperemia reaction 
in immature rats was studied following the 
subcutaneous injection of equine serum from 
38 mares and 4 female donkeys, 42-138 days 
after natural insemination. The accuracy of 
this 24-hour pregnancy test was 83%, failures 
being observed both by negative reaction in 
4 pregnant cases and positive reaction in 
3 non-pregnant ones. 

Acknowledgment is due to At. X. Camargo, J. 
Vieira and S. Fontes for kindly supplying the 
blood samples tested. 
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Effect of Ozonized Oxygen on Anti-A, Anti-B, and Anti-Rh Typing Sera.* 


G. Albin Matson and Con Penning. 

From the Departments of Bacteriology and Physiology, School of Medicine, VniversUy of Vtah. 


Reports of attempts to modify agglutinat- 
ing and “blocking” antibodies against human 
erythrocytes have recently appeared in the 
literature. Boyd,^ following the lead of Tyler,- 
reported on the effect of photo-oxidation on 
isohemagglutinins, anti-A and anti-Rh in the 
presence of Eosin Y as a sensitizer. Photo- 
oxidation produced by photoflood lights grad- 
ually destroyed the agglutinating activity but 
did not convert any of the agglutinins studied 
into “inhibiting,” “incomplete,” or “blocking” 
antibodies. An exposure of 1SJ4 hours to 
these photofiood lights was sufficient to de- 
stroy completely the anti-Rh agglutinin. Anti- 
A agglutinin, however, required an e.xposure 
of 65 to 71 hours to destroy all agglutinating 
activity. Although it seems likely that the 
action of the photoflood lights in Boyd's ex- 
periments was that of o-xidation, the po.ssibiI- 
ity remains, nevertheless, that some other 


Laboratories, Inc., Elkhart, Ind., and the tlniver- 

sity of Utah Ecsearch Fund. 03 ooj 

iBoyd, William 0., d. Exp. Med., 19i6, 83, .-1. 
2 Tyler, A., /• Immunol, 1945, ol, loi. 


photo-dynamic effect may have played a part 
in modifying the agglutinins. It seemed desir- 
able to us, therefore, to determine the effects 
on such agglutinins using a different oxidiz- 
ing agent. 

Materials and Methods. In this study ozone 
was employed to determine the effect of oxi- 
dation on isohemagglutinating antibodies, 
since this agent has useful attributes not pos- 
sessed by other o.xidizing agents. There are, 
for example, no added end products of the 
reactions other than those formed from the 
use of O3. Ozone is a powerful oxidizing agent 
that will combine with unsaturated carbon 
atoms and form ozonides. The normal mode 
of action of ozone is solely an addition with 
no secondary o.xidation. Furthermore, the hy- 
drogen atoms attached to unsaturated centers 
are left undisturbed. 

Two cc quantities of the selected sera were 
subjected to ozonized oxygen having a con- 
centration of approximately one part ozone 
to 1000 parts of oxygen, \ffilume concentra- 
tions were ascertained by the iodine liberation 
technique in which free I is liberated from 
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KI by O 3 in an acidic solution. Iodine in turn 
''was measured by titration with standard thio- 
sulphate using starch as an indicator. Gas flow 
was regulated to one liter per 3 minutes of 
time. Calibration of flow before and after 
treatment of the specimen was done using a 
reliable gas meter. 

The serum was placed in a 75 cc beaker 
in order to have ample space for tlie resulting 
foam, and the gas delivered by means of a 
drawn glass tip. The foam was agitated to 
make available new foam to the active agent. 

The manufacture of the ozone from O 2 
was accomplished with an electrical ozonizer 
developed by one of us (Penning) .=* The out- 
put of a modulated 125 megac^'cle oscillator 
activated with D.C. pulses with a repetition 
frequenc 3 '' of 125/sec having a duration of 10 
microseconds and a peak power of 2000 
Watts was used to activate the ozonizer. 

The anti-A and anti*B typing sera used in 
this work were obtained from group B and 
A subjects respectively who had been stimu- 
lated with group A and B substance by the 
method of Witebskjr et al.* These sera were of 
high titer and avidity. Anti-A immune serum 
prepared by inoculating rabbits noth saline 
e.\-tracts from the cuticle of Ascaris hmbrt- 
coides was also used in these tests. This anti- 
A immune rabbit serum was of high titer and 
reacted specifically against human group A 
erythrocytes but exhibited no titer against 
group B or 0 erythrocytes. 

The Rh antiserum used was the anti-D 
(Rho) 8591? specificity and was absorbed and 
processed in the Blood Grouping Laboratory 
in the Department of Bacteriology at the 
University of Utah. It had a titer of 1:123. 

All erythrocyte suspensions used were of 
290 strength in terms of blood sediment. They 
were washed once in physiological saline and 
resuspended. Physiological saline was used as 
the diluent of both sera and erythrocytes in 
all tests except those in which “blocking” 
serum was used. In these blocking tests bovine 
albumin, produced by Armour and Compan}?^, 

Dee., WiG, 

Kle«. N. a ana C.. 

Phoc. Soc. Exe. Siol. asd Meo., lOU, 16<. 


was used as the diluent for both erythrocytes 
and serum. 

Results and Discussion. Results of these 
tests are shown in the tables. From 
the data shorvn in Table I it is apparent that 
the group A isoantibody was partially de- 
stroyed in 4 minutes treatment with ozone 
and completely destroyed by S minutes of 
exposure. 

A group A anti-B serum of identical titer 
and avidity similar to the anti-A serum was 
treated rvith ozone, and the results of this 
experiment are shown in Table II. 

From the data presented in Table II it is 
apparent that the group B isoantibody was 
completely destroj’Cd in 14 minutes and par- 
tially destroyed in lesser periods of time. 

Anti-A immune serum produced in rabbits 
by inoculating them with cuticle from Ascaris 
lumbricoides was treated in a similar manner 
as were anti-A and anti-B isoaggiutinin sera. 
The results of this e.xperiment are shown in 
Table III. 

The evidence in Table III indicates that 
the anti-.A titer of Ascaris immune serum was- 
lost following IS minutes of e-xposure and 
partially lost during lesser periods of exposure. 

The effect of ozone on anti-D (Rho) serum 
is shown in Table IV. 

Ilfltli reference to Table IV, it is apparent 
that progressive partial loss of titer was pres- 
ent in all sera tested. Furthermore, our ob- 
servations show a complete loss of agglutinat- 
ing and blocking antibody titer with suitably 
prolonged e.xposures in all sera of all types 
so far tested. 

It may also be observed that whereas the 
“bivalent," “heat labile,” “agglutinating,” 
“complete,” D (Rho) antiserum was destroyed 
bj' 4 minutes treatment it took 20 minutes 
of the same treatment to inactivate the “uni* 
valent,” “heat stable,” “blocking," “incom- 
plete,” D (Rho) antibody. These results are 
in agreement with the observations of other 
authors^-” with respect to the action of physi- 
cal factors such as temperature and pressure 
on these 2 kinds of antisera. 

5 Diamond, Louis K., J. Lab. and Clin. Hed., 
1945, 2-1, 122. 

c Boyd, William C., J. JExp. lied., 104G, 83, 401. 
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The question still remained as to whether 
treatment with ozonized oxygen would con- 
vert the “bivalent” anti-Rh “agglutinating” 
antibody to “univalent” “blocking” antibody, 
Boyd* failed to produce such' a change by 
exposing agglutinating sera to photoflond 
lights. To study the effect that ozonized oxy- 
gen would exert in this direction, anti-Rh<, 
agglutinating serum, having an end titer of 
1:64 against a 2% saline suspension of group 
0 Rho erythrocytes, was treated and titrated 
in the same manner as were the serum speci- 
mens in our previous tests. The agglutinating 
antibody in this serum was completely de- 
stroyed by a 13-minute treatment with ozon- 
ized oxygen. After titration had shown that 
the Rho antibody had been destroyed, there 
was added to each dilution of serum and 
erythrocyte suspension one drop of similarly 
diluted untreated anti-Rho serum; the tube 
containing the 1:2 dilution of treated serum 
received an additional drop of 1:2 untreated 
serum, the 1:4 dilution received a drop of 
1:4 serum and so on. Each tube now con- 
tained one drop of treated and diluted serum, 
one drop of 2f<3 group O Rho erythrocyte sus- 
pension, and one drop of untreated serum of 
the same dilution as the treated serum. The 
contents of the tubes were mi.xed by shaking 
the rack containing the tubes and all were 
then again incubated in the water bath. 
The results of this test are shown in Table V. 

It is clear from Table V that, although the 
agglutinating antibody was destroyed by 
treatment with ozone, there was nothing pro- 
duced in it which inhibited the action of the 
untreated anti-Rho agglutinating serum when, 
subsequently, one drop of each dilution of 
the untreated serum was added to each tube 
and then incubated in the water bath at 
37 °C for an additional hour. There appears 
to be no conversion of anti-Rho agglutinating 


antibody to anti-Rho blocking antibody by 
treatment with ozone. 

In order to evaluate the potential destruct- 
ive effects of foaming on proteins and related 
isohemagglutinins, anti-Rh" serum was sub- 
jected to equivalent 10-minute flows of air, 
O 2 , and ozonized 0^. The control agglutinating 
titer was 1:8. Following the bubbling 
of air the agglutinating titer was 1:4; for 
oxygen, 1:4; whereas the agglutinating 
titer for comparable exposure to ozonized 
oxygen was 1-f- for the undiluted treated 
specimen. It will be noted in Table 
VI that some change was evident in the 
terminal titer. The intensity of agglutination 
for the lower dilutions showed no change with 
air and oxj'gen whereas a profound change was 
present with ozonized oxygen. Oxidation as 
effected by ozone in combination with oxj'gen 
is more potent than oxygen alone. 

With the use of ozonized oxygen consider- 
able macroscopic evidence of denaturation 
was evident. In most instances with pro- 
longed e.xposure there developed a gummy, 
gelatinous precipitate which adhered to the 
glass rod and sides of the container. With 
short exposures macroscopic evidence of this 
precipitate was frequently absent. 

Summary: It has been demonstrated that 
the blood group isoagglutinins, immune anti- 
A agglutinin, and Rh agglutinating and block- 
ing antibodies are inactivated or destroyed 
relatively rapidly with 1:1000 dilution of 
ozone in oxygen. 

So far as Rh agglutinating and blocking 
antibodies are concerned, our results are in 
essential agreement with the obseiv'ations of 
others with respect to the action of physical 
factors such as temperature and pressure. 

There appears to be no conversion of Rho 
agglutinating antibody to Rho blocking anti- 
body by treatment with ozone. 
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parable to that used b\" Proger and Dekaneas 
in their studies?-® 

The acute altitude survival test has been 
described in detail elsewhere.--® Exposure 
was carried out in a decompression chamber 
with sufficient air flow to prevent any per- 
ceptible increase in carbon dioxide content. 
The survival rates reported represent the per- 
centage of animals alive at the conclusion of 
the test, since no delayed deaths were noted. 
All animals were exposed for one hour at the 
test altitude. Moreover, they were exposed 
simultaneously, thus eliminating any possible 
differences in survival rate due to variations 
in temperature and humidit}’ within the 
chamber or such other unpredictable vari- 
ables as handling and feeding. 

Results and Disctissioit. The results of 
e.xposure with and without parenteral cyto- 
chrome C were as shown in Table I. .A 
graphic presentation is given in the accom- 
panying chart. 

It is apparent that cytochrome C was not 
effective in protecting the intact rat against 
severe anoxia. If injected cytochrome C is 
capable of increasing the ability of tissues 
to utilize oxygen under conditions of anoxia, 
one might expect administration of this re- 
spiratory enzyme to increase the ability of 
the intact organism to withstand the anoxia 
of high altitude e.xposure. The present ex- 
periments give no indication as to why this 
expected action did not occur. It is quite 
possible that the cytochrome C, being a pro- 

TABLE I. 

10 aiiiiii.als in each o speriment. 

Exposure .ultitutle Treatment surrival 

ft 

33,000 Nornwl saline — 2 cc 70 

" Cj'tocliromc C — o mg 20 

33,000 Normal saline — 2 cc 20 

’ ’ Cytochrome C — 3 mg 10 


EFFECT OF IKJECTEO CYTOCHROME C 
ON ALTITUDE TOLERANCE OF NORMAL RATS 



tein whose molecular weight is at least 13,000, 
was unable to penetrate intact cells. How- 
ever, there are indications that even had this 
occurred, it would not have affected the oxy- 
gen consumption of the cells.® 

Suvtmary. Thb report presents data con- 
cerning the ability of rats treated with cyto- 
chrome C to withstand the anoxia of high 
altitude exposure. The sundval rates of e.x- 
perimental animals given an intraperitoneal 
injection of 5 mg of cytochrome C in iso- 
tonic saline were compared with those of con- 
trol animals treated with a similar amount of 
saline. Groups of control and experimental 
animals were exposed simultaneously for 
periods of one hour. Altitudes of 33,000 and 
35,000 feet were employed. In both in- 
stances, the survival rate was higher in the 
control group. In is concluded, therefore, 
that the intraperitoneal injection of cyto- 
chrome C is not effective in protecting rats 
against the anoxia of high altitude exposure. 

9 Siwek, J., J. Xat. Canter Inst., 1943, 3, 3S9. 
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Effect of Cytochrome G Therapy on Altitude Tolerance of Normal Rats, 

William R. Christensen and Marshall Clinton, Jr. 

(Introduced by A. Baird Hastings.) 

. From the Departmc7it of Bwlogical Chemistry, Sarvard Medical School, and the Department 
of Industrial Hygiene, Harvard School of Ptihlic Health, Boston. 


Previous studies have indicated that the 
ability of normal rats to withstand severe 
anoxia can be improved by a variety of pro- 
cedures. Animals rendered polycythemic by 
the administration of cobalt were capable of 
increased work performance under conditions 
of severe anoxia.^ Administration of a con- 
centrated extract of adrenal cortex m sesame 
oil was followed by a marked improvement 
in ability to withstand short exposures to 
ordinarily lethal altitudes.- Animals given a 
2-hour conditioning e.xposure to pressures 
equivalent to IS, 000 or 26,000 feet altitude 
daily for 7 or 30 days developed improvement 
•in their ability to withstand e.xposure to or- 
dinarily lethal altitudes.® In these later stud- 
ies, the improvement was most marked after 
conditioning at the higher altitude, and was 
accompanied by both polycythemia and ad- 
renal gland hypertrophy. However, the im- 
provement could not be e.xplained solely on 
the basis of either polycythemia or adrenal 
gland hypertroph}', since it occurred following 
conditioning at lower altitudes, which failed 
to influence organ weight or morphology, and 
there was a lack of correlation between hema- 
tocrit increase and the survival rate of the 
conditioned animals. It is apparent, there- 
lofe^that the mechanisms responsible for the 
increased altitude tolerance found in the 
above-noted experiments are not entirely 
clear. In view of this circumstance, it has 
been considered advisable to appraise the ef- 
fect of parenterally administered cytochrome 


G. W., Clinton, M., Jr., 
Udmonds, H. W.. and F.-irbcr, S., dm. J. Physiol., 

^^2 Tho^,' G - 

a T piris E-. B., Endocrinology, 1945, 36, 381. 
Thorn,’ G. 'W., Clinton, M., Jr., Farhor, S., and 
Ednwnds, H. ^V., BuU. Johns HopUns Hasp., 194G, 


70, 59. 


C upon altitude tolerance. This was under- 
taken because of the recently demonstrated 
influence of adrenalectomy on cytochrome 
oxidase and C 3 dochrome C concentration'* and 
because of the beneficial influence of paren- 
terali}' administered cytochrome C on patients 
suffering from inadequate oxygenation of 
their tissues.®’"-' 

Method’s. Young, male, white rats of ap- 
pro.v/mately 200 g average weight were used 
in these studies. The animals were main- 
tained in wire mesh cages on a standard diet 
of Purina dog chow. Access to food and 
water was unrestricted until 5 hours prior to 
exposure to anoxia; after this, water only 
was allowed. Five mg of c^'tochrorae C in 2 
cc of isotonic saline were administered to the 
e.xperimental animals in a single intraperi- 
toneal injection 45 minutes prior to altitude 
e.xposure.* The control animals were handled 
in the same manner as the treated group, e-x- 
cept that an .equal volume of physiological 
saline was substituted for the cytochrome C 
solution. 

The cjpochrome C was isolated according 
to the technique of Keilin and Hartree which 
yields a product containing .34% Fe.® The 
concentration of cj-tochronie in the injected 
material was determined by spectrophoto- 
metric anal}'’sis. The amount given is com- 

Tipton, S. H., Endocrinology, 1944, 34, 181. 

“ Pioger, S., Bull. X. E. Med. Center, 1945, 7, 1. 
<■ Progcr, S., and Hekancas, D., Bull. X. E. Med. 
Center, 1945, 7, 149. 

I Progcr, S., and Pekaneas, D., Science, 1940, 
404, 389. 

* It lias been reported br Progcr and Dckane.ts' 
tliat intr.avcnous, intraniuscnJ.-ir. and intraperi- 
toncnl injections of cytochrome C increase the 
blood and organ content of cytoeliromo C. 

S Keilin, D., and Hartree, E. F., Biochem. J., 
1945, 39, 289. 
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TABLE I. 

Tuberculostatic Action on Strains C07 and H37fiv. 





Mg 

% 

Eo. 

Compound 

Formula 

607 

H37Et 

1 

Bcnzotbiazole 

^ 4 /^ — 

10. 

5, 

O 

2-,AminDbeiizothiazole 

C;H4NSNH. 

>10. 

0.1 

3 

6- ” 

G7H4KSKH0 

0.25 

4 

6-Nitrobenzotliiazole 

OtHjXSNOj 

10. 


r> 

2-Mercaptobenzotbiazole 


5. 

0.1 

6 

6-Amiuo,2-inetcaptobenzotlun2ole 

ilo-N SSH 

0 . 

7 

2.3fetlivlbenzothiazole 

U7H4 -N 

10. 

0.01 

8 

6-Amiuo,2-inetbTlben2otluazolc 

HoKC-HsKSCH- 

0.1 

9 

6 Nitro,2- ” 

0>XC7H-,NSCH.; 

10 . 


10 

2-PhenTlbeuzotlnazolc 

ChHjKSl'cHs 

10 . 


11 

2-ClilorobenzotbiazoIe 

0;H,KSC1 

5 . 

0.7 

12 

6-Ammo, 2-etboxybeu2otb)azolc 

H^XC7H,KS0CLH-, 

10 . 

13 

6-Kitro,2 ” 

0.,XC7H3XSOCCH.-, 

> 10 . 


14 

6-.Amino,2-isopropoxvbenzotbiazolc 

H^XChH^XSOra (GHs) 

2.5 

0.35 

15 

6-Nitro,2- ” 

O0XO7H7XSOCH (CHs) „ 

10 . 


16 

6-Amlno,2-(n)butoxybcnzonviazole 

H2XC7H3KSOO4H5 

2.5 

0.0025 

17 

6-Kitro,2- ’ ' 


1 . 


19 

6-Amino,2-butoxyetlioxvbcnzotlua7.olc 

HoXC7H-!XSOC.,HjOC4Ho 

> 10 . 


19 

6-K'itro.2. ’’ 

0 -.XC 7 H-,XSOC«H.OC.Ho 

0 . 


20 

6,2-Diammobcnzotbia2ole 

H0XC7H3KSXU0 

0.25 

0.01 

21 

6-I7itro,2-aminobcnzotbiazolc 

OiXCtHiXSXIL 

2.5 


no 

6.Amino,2-hvdrorvbenzotbiazole 

H-.XC 7 H 3 XSOH 

10. 


23 

6.Xitro,2- ” 

O^XCjH^XSOH 

2.5 


24 

6-Ammo,2-cblorobenzotliiazolc 

H-XCyHiXSCl 

0.025 

0.0025 

25 

6-Nltro,2- ’ ’ 

O..XC7H3XSCi 

1. 


20 

C'-Aminobenzotluazolvl,2'- (N ) -morpholine 

H.>XC 7 H 3 XSXC 4 H<iO 

>10. 


27 

6'-I»Urobenzotluazolyl,2'- (K) -morpholine 

0 -XC 7 H 3 XSX 04 H;o 

>10. 


30 

5.Anuno-2-isopropoxypyridine 

H-XC^H-XOCn (CB.,) .. 

1. 

0.1 


The above compounds were prepared in this laboratory under the direction of Dr. P. A, Freneb with 
the following exceptions: Kos. 1, 2, 5, 6, 7, 10 and 11 were obtained from the Eastman Kodak Co. (high, 
est purity). 

Control experiments were performed with propylene glycol alone in 1:50 dilution. Ko bacteriostatic 
effect was noted. 


their bacteriostatic activity. Compounds 
Xos. 16 and 20 were tested against the fol- 
lowing organisms: S. aureus, E. coli, Pro- 
teus vulgaris, Sfrcptococcus pyogenes and Ps. 
pyocyancus. The results were essentially 
negative. 

The in vivo results are summarized in 
Table II. 6-ammo-2-(n)butoxybenzothja- 
zole and 6,2-diamlnobenzothia7.ole were high- 
ly effective. These compounds were approxi- 
mately twice as active as 4,4’diaminodi- 
phenylsulfone (No. 28) and about as ef- 
fective as streptomycin (No. 29). 6-.Amino- 
2-isopropox-y and 6-amino-2-ethoxybenzothia- 
zole (Nos. 14 and 12) wore also significantly 
active therapeutically. -•Xnimals treated with 


6,2-diaminobenzothiazole showed no enlarge- 
ment of the thyroid gland. This is of in- 
terest because this compound contains a thio- 
ureoid structure similar to that found in 2- 
aminothiazole which has been reported to 
inhibit thyroid activity.^ 

Discussion. 6-Aminobenzothiazoles with 5 
types of substituents in the 2- position have 
been found to be highly active against tu- 
bercle bacilli. The 2- substituents included 
alkox}’. alkyl, amino, chloro and mercapto. 
The invariant characteristic of the group is 
the possession of an aromatic amino group 

■‘■Killi.ims, B. n.. Kay, G. A., and Solomon, B., 
Am. ,T. Med. Sex., 1947, 213, 19S. 
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Chemotherapy of Experimental Tuberculosis with Benzothiazole 

Derivatives.* 


B. L. Feeedlander and F. A. French. 

From the HaroU Brunn Bescareh Institute, Mt. Zion Eospital, San Francisco, Calif. 


In the following e.xperiments a new class 
of tuberculostatic agents is described. A sys- 
tematic evaluation of the bacteriostatic action 
of various benzothiazole derivatives on the 
growth of tubercle bacilli tu vitro was at- 
tempted. hfany of the compounds were also 
investigated in vivo for their therapeutic ac- 
tion on tuberculous animals. A few benzo- 
thiazole derivatives have previously been 
evaluated by Everitt and Sullivan^ for their 
fungicidal action and as antivirus agents by 
Kramer and associates.- The authors^ have 
reported the effect of several benzothiazole 
sulfones in experimental tuberculosis. 

Methods. The bacteriostatic studies were 
initially performed on the avirulent strain of 
human tubercle bacilli, No. 607 of the Ameri- 
can Type Culture Collection, using Lowen- 
stein’s liquid asparagin media, at a pH of 7.5. 
Many of the compounds were also tested on 
the virulent human strain, H37Rv, in Pros- 
kauer and Beck media. The chemicals were 
dissolved in propylene glycol to make 0.5% 
solutions. Subsequent dilutions were made 
directly into the aqueous media, without fur- 
ther heating. Each tube was inoculated with 
one loopful of fresh culture of tubercle bacil- 
li. The avirulent cultures were read at the 
end of 3 days; the virulent cultures at 18 
days. The highest bacteriostatic dilution was 


* The present report is part of a cooperative 
investigation on tuberculosis, and hos been sup- 
ported by funds prorided by the Committee on 
Medical Research of the National Tuberculosis 
Association, the California Tuberculosis Associa- 
tion, the San Francisco Tuberculosis Association, 
and the Columbia Foundation of San Francisco. 

1 Everitt, E. L., and Sullivan, M. X., I. TTash. 
Acad, of Scl, 1940, 80, 125. 

2 Kramer, S. E., Greer, A., and Szobel, D. A., 

I. Immunol, 1944, 49, 273. v x, a Am 

sFreediander, B. L., and French, F. A., Am. 
Bev. Tuberc., in press. 


taken as that dilution in which there was less 
than 50% of control growth. 

Animal Experiments. Nine to 12 guinea 
pigs, averaging 400 g in weight, were used to 
evaluate each compound. The animals were 
inoculated in the left groin with 0.03 mg of 
H37Rv tubercle bacilli. The drugs were ad- 
ministered orally, suspended in water, by 
dropper once dail}^. Therapy was started on 
the day of infection. The dosage of the drugs 
was increased gradually for the first 2 weeks 
of the experiment. The dosage of all drugs 
approached the chronic maximum tolerated 
dose. The experiments were terminated at 
the end of 6 iveeks. Pathology was evaluated 
numerically, based on a maximum of 4 for 
each organ (glands, spleen, liver and lungs); 
with a ma.ximum of 16 for all organs. Hemo- 
globin and weight determinations tvere made 
at the end of the experiments. 

Results. The in vitro bacteriostatic results 
are recorded in Table I. The benzothiazole 
ethers (Nos. 12 to 19 inch) were the most 
extensively investigated group. The com- 
pound 6 - amino - 2 - (n)buto.xybenzothiazole 
(No. 16) tvas bacteriostatic in extremely high 
dilution (1:40,000,000) on H37Rv. This 
activity was a thousand times as great as its 
bacteriostatic effect on the avirulent strain 
607. All compounds tested were more bac- 
teriostatic against the virulent culture. Five 
other types of benzothiazole derivatives were 
tuberculostatic in low concentrations: 6,2-dia- 
minobenzothiazole (No. 20); 6-amino-2- 
chlorobenzothiazole (No. 24); 6-aminoben- 
zothiazole (No. 3); 6-amino-2-raercaptoben- 
zothiazole (No. 6) and 6-amino-2-raeth)'lben- 
zothiazole (No. 8). In general, the com- 
pounds were bacteriostatic rather than bac- 
tericidal. Compounds Nos. 16, 20 and 24 
were tested in the presence of 20% defibri- 
nated horse blood. They retained most of 
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symmetry of the ether group is very im- 
portant. The chain- length and symmetry of 
the ether group may very well maximize a ten- 
dency for proper molecular orientation and 
binding at some very important intracellular 
interface or enzyme locus. As evidence of 
the importance of symmetry the data of 
Friedman el al.° may be cited. With the 2- 
alkoxy-5-aminopyridines, using the n-amyl 
ether as unity the activities against strain 
No. 607 are; i-amyl -0.03, 3-n-amyl -0.5, n- 
butyl -1, i-butyl -.07, sec-butyl -0.016. These 
orientation factors may be much more im- 
portant than the commonly known one of an 
optimal distribution coefficient, dependent on 
chain length, producing a maximal drug con- 
centration in some lipoid phase. 

The high order of specificity of some of the 
benzothiazole derivatives for strain H37Rv 
relative to strain No. 607 is encouraging. In 
the case of 6-amino-2-(n)-butoxybenzQthia- 
zole the activity ratio for the two strains is 
1000. With other benzothiazole derivatives 
the ratio varies from 2 to 50. With the aryl- 
sulfones (extensively studied) the activity 
ratios were close to unity. 

Those benzothiazole derivatives which were 
tested in vho showed a low or moderate 
chronic toxicity. In the case of 6-amino-2-{n) 
buto.xybenzothiazole a definite hypnotic effect 
appeared at the maximum tolerated dose. 
This is not unexpected for an ether-amine 
nor for a compound which may be regarded 
as a cyclic thiocarbamic ester. Hemotoxic 
effects which are so prominent with derivatives 
of diaminodiphenylsulfone were absent with 
the benzothiazole compounds. For compar- 


ison of toxicity and activity, 2-isopropoxy'-5- 
aminopyridine (No. -30) (somewhat compar- 
able to 6-amino-2-isopropoxybenzothiazole of 
this series) was evaluated in vivo. While this 
compound is not at the pyridine series opti- 
mum the comparison to. equivalent benzo- 
thiazole compounds is significant. It may be 
noted that much smaller dosages of the 
pyridine ether were tolerated, marked liver 
damage occurred, and no significant effect 
on the infection was noticed. 

Many types of compounds possessing active 
aromatic amino groups are tuberculostatic. 
Feinstone, Friedman and co-workers found 
many amino pyridines, pyrimidines and ben- 
zenes to be active. The authors^- have noted 
fair activities wdth some amino acridines and 
phenothiazines. It may be suspected that some 
tuberculostatic activity is possessed by a 
great variety of amino-cyclic compounds in 
which the amino group is aromatic in char- 
acter and is suitably activated. 

Further studies of benzothiazole deriva- 
tives, including solublized derivatives of 6- 
amino-2-(n)butoxybenzothiazole, are being 
undertaken. 

Summary. 1. A new class of highly tuber- 
culostatic agents of low toxicity is described. 
This group comprises many 2,6- substituted 
derivatives of benzothiazole. 2. Several of 
these derivatives are active therapeutic agents 
in guinea pig tuberculosis. 3. Structure activ- 
ity relations and possible modes of action are 
discussed. 

12 French, F. A., and Frecdlander, B. L., unpub- 
lished d.atn. 
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TABLE 11. 


Summary of in vivo Experimental Data. 


No. 


Avg daily 
dosage 

mg per animal 

*Patii. ratio 
Ckmtrols 

} 

Bolative ivt gain 
g deviation 
from controls 

1, Hglb, 

% (ieviation 
from controls 

Treated 

12 

6-Amino-2-ethosybenzotliiazole 

50-150 

2.40 

—87. 

-fl4. 

13 

C-Nitro-2- ” 

50-150 

1.60 

—72. 

0. 

14 

G-Aniino-2-isopropoxj'benzotbiazolc 

50-150 

2.28 

—58. 

-fl4. 

16 

6-Amino-2- (n ) butoxybenzothiazole 

50-100 

3.05 

—67. 

— 3. 

18 

G-Amiiio-2-butoxj’etboxybenzothiazole 

75-125 

1.75 

—80. 

0 . 

19 

6-Nitro-2- " 

50-130 

1.04 

4-25. , 

0. 

20 

G,2-Diam)iiobciizothiazole 

50-150 

3.03 

—68. 

0. 

24 

6-Amino-2-clilorobenzotbiazole 

50-100 

1.59 

—50. 

— 8. 

28 

4,4'-Dianunodipbeny]sulfonet 

50-100 

1.G6 

—32. 

—20. 

29 ' 

Streptomycint 

20 (hypo) 

3.9 

— 5. 

— 5. 

30 

5-Arnino-2-isopropoxypyridine 

30 

1.14. 

—137 

— 9. 


* "Pathological Eatio’' is the result of the average numerical pathological rating of the control ani- 
mals divided by that of the treated animals. 

. t Diaminodiphenylsulfone and streptomycin are included for comparison. 


in the 6- position and of an activating sub- 
stituent in the 2- position. Kumler and 
Daniels®-® proposed a theory of activity of 
sulfonamides and aminoacridines in which the 
reactive character of the aromatic amine 
group is correlated with bacteriostatic activ- 
ity. The aromatic amino group must be 
present, of course, in a molecule of suitable 
overall structure. This theory may be ap- 
plied to these new tuberculostatic agents. 
The 6-amino group is an aromatic amino 
group and the 2- substituents may be re- 
garded as activating groups. Using 6-amino- 
benzothiazole, where the 2- position is occu- 
pied by hydrogen, as a base level, one may 
calculate activity ratios with strain H37Rv 
as the test organism. With the following 2- 
substituents the activity ratios are: CH3 -10, 
SH -1, OC2H5 -0.14, NH2 -10, OC4H9(n) 
-40. In a previous paper® it was shown that 
a 6-aminobenzothiazoIe substituted with 2- 
arylsulfonyl groups, which are electroaccep- 
tors, had only a low order of activity. The 
present compounds with electrodonor groups 
in the 2- position are as much as 1,000 times 
as active Unfortunately, as yet, no adequate 
quantitative measure of the reactive char- 
Icter of the aromatic amine group is avail- 
able Qualitative comparisons can be made 


T. a, J. Am. 

"'‘e DaSs, C.ri.e«'oi communications. 


if adequate allowance is made for other im- 
portant factors affecting drug activity. 

In the case of the 6-amino-2-alko.xybenzo- 
thiazoles it is apparent that the distribution 
coefficient is of considerable significance and 
this effect is much more noticeable with 
H37Rv than with strain No. 607. 6-Aniino- 
2-ethoxy, isopropo.vy, and (n)buto.xybenzo- 
thiazoles all have about the same activity 
against strain No. 607 but the but}'! ether is 
300 times as active as the ethyl ether against 
strain H37Rv. The generic similarity -of 
these benzothiazole ethers to the pyridine and 
other ether-amines studied by Feinstone, 
Friedman and co-workers’’"^^ suggests that 
certain generalizations of some validity con- 
cerning both groups of compounds can be 
made. They found an optimum activity with 
ether chains of 4 to 6 carbon atoms. In addi- 
tion it is noticeable from their data that the 

r Friedman, H. L., Braitbcrg, L. D., Tolstoouhov, 
A. V., and Tisza, E. T., J. Am. Chem. Soc., ISI'i 
«9, 1795. 

a Braitberg, L. D., Bobin, M., Friedman, H. L-i 
and Tisza, E. T., J. Am. Chem. Soc., 1947, C9, 2005. 

® Friedman, H. h., Braitberg, L. D., Tolstoonhor, 
A. V., and Tisz.-i, E. T., J. Am. Chem. Soc., 1947, 
69, 1204. 

10 Feinstone, W. H., Friedman, H. L., Eothlauf, 
M. V., KcHy, A. M., and Williams, E. D., J. Fharm. 
and Exp. Tberap., 1947, 89, 153. 

11 Feinstone, W. H., Peoc. Soc. Ext. Biol, asp 
Mep., 1940, 63, 153. 


X-RAYS ON Respiration Fowl Erythrocytes Isuclei 


Effect of X-rnuiation on the respiration of nuclei of fowl erythrocytes ancl of whole erythro- 
cytes. The ilat.a given are the O; consumption in the cspcriment.a! vessels, e.vprcsscil as a per- 
centage (if th(t 0.1 consumption ohsorvod in the control vessels at a given lime. 

Non-irradiatcd nuclei or orytlirocytes. 

O — O — O ^nclci irradiated with 500,000 r. 

Nuclei irradi.atcd with 1,000,000 r. 

Erythrocytes irradiated with 500,000 r. 

X Erythrocytes irradiated with 1,000,000 r. 
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Influence of X-rays on Respiration of Nuclei of Fowl Erythrocytes.*^ 


A. Back and L. Bloch-Frankenthai,. (Introduced by L. Halberstaedter.) 

From the Department of Sadiology and Chemistry, Cancer Lahoratories, 

The Hebrew Vniversity, Jerusalem, Palestine. 


In recent years a series of publications have 
appeared dealing with the influence of X-rays 
on respiration. Williams and Scheard^ demon- 
strated increased oxidation in irradiated frog’s 
skin. Lacassagne- working with yeasts also 
observed increased 0^ consumption after ir- 
radiation. 

In a previous paper^ we have demonstrated 
that fowl-erythrocytes irradiated with X-rays 
consume more o.xygen than do unirradiated 
red cells. The purpose of the present study 
was to investigate the respiration of the ir- 
radiated nuclei of fowl erythrocytes and to 
compare the results with those obtained with 
whole erythrocytes. 

Methods, (a) Preparation of nuclei. Nuclei 
were prepared according to the technique of 
Bounce and Lan. White Leghorn hens were 
bled by cardiac puncture and 20 cc of blood 
were sterilely withdrawn into 2 ml of 
solution of Na citrate. The erythrocytes were 
centrifuged twice washed in 0.9% saline and 
the sedimented cells were resuspended in 
saline to the original volume of the blood. In 
order to induce hemolysis a solution of 0.15 
g of saponin in 5 ml of an 0.11 M solution of 
phosphate (pH 7) was added to each 100 
ml of erythrocyte suspension. After hemo- 
lysis was completed (within 2-3 minutes), 
the hemolysate was centrifuged and subse- 
quently washed S or 6 times by centrifuging 
in 0.9*% saline and was finally resuspended 
in this solution up to a concentration of 
approximately 10-18 mill/mmL The nuclei 


were then counted in a counting chamber. 

(b) Irradiation. The X-ray tube used in 
these e.xperiments was operated at a tension 
of 35 KV at a current of IS m.\ with a copper 
anticathode. The window was aluminum foil 
30 p. in thickness. Absorption analysis showed 
that the rays which penetrated through the 
window were mainly copper X-rays. The 
distance between the vessel in which the nuclei 
were irradiated and the focus was SO mm and 
the X-ray intensity was about 60,000 r/min. 
Irradiation was performed on O.S ml portions 
of the nuclei suspensions in flat-bottomed, 
shallow glass dishes of 15 mm diameter. The 
suspension layer did not exceed 3 mm in 
thickness. Irradiation doses of 0.5 Mil., 1 
Mil., and of 1.5 Mil, were applied. 

(c) Measurement of respiration. Respira- 
tion was measured in a Warburg apparatus 
at 39-40'“. Two ml of suspension were used 
per vessel for each estimation. Five to si.x 
O.S ml portions had, therefore, to be irradiated 
consecutively and combined. Control estima- 
tions of non-irradiated nuclei from the same 
sample of suspended nuclei were carried out 
in every case. The samples to be irradiated, 
as well as those already irradiated and the 
controls were kept under identical conditions 
of temperature throughout. The first reading 
was made 20 minutes after inserting the 
manometers in the water-bath (about half an 
hour after the termination of irradiation). 
Readings were taken initially at intervals of 
30 minutes and later at intervals of 60 min- 
utes. 


• Aided by a grant of the British Empire Cancer 
""T-mSams, M. M. P.. a>>d Sehe.ard, C., Proto- 

1944 , 38 , 351 . 


Results and Discussion. As Bounce has 
already shown chicken erythrocyte nuclei 
continue for some days to exhibit a weak but 
demonstrable respiration. In our study this 
respiration of isolated nuclei was ^ to I/IO 
of that of whole erj'throcytes. Absolute values 
varied with individual chickens. X-rays had 
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Relationship of Weight, ^^enous Pressure and Radiosodium (Na=-) Excre- 
tion in Chronic Congestive Heart Failure* 

Sam Threefoot, Thomas Gibboxs axd George Burch. 

From the Department of iteSieine, Tulane 2Icdical School and the Charity Sospital, 

yeio Orleans. 


During the course of tracer studies rvith 
Ka--t in 2 patients with chronic congestive 
heart failure ar\d orre rrormal subject, the re- 
lationship of weight, venous pressure and 
sodium e.xcretion was observed. 

Each subject received an intravenous in- 
jection of a tracer dose of Na— (activity of 
12,500,000 counts per minute'). Over a 2- 
month period, all urine samples were collected 
separately and the concentration of radio- 
sodium determined for each, as well as for 
daily samples of blood serum. All counts were 
corrected so as to correspond to an initial 
injection of Ka- with an activity of 20,000,- 
000 counts per minute per 100 lb body weight. 
Weights and venous pressures- were recorded 
daily. 

Results. (1) Behavior oj weight, venous 
pressure and sodium excretion with the sub- 
jects on a low sodium diet. In all 3 subjects 
during a 22-day period of low sodium intake 
(<1.7 g IsaCl/day), the weight and venous 
pressure varied concordantly. although the 
daily changes rvere not always concordant 
(Fig. 1, 2, and 3). The associated changes in 
sodium excretion were inversely related to 
those of weight and venous pressure. The pa- 
tient whose weight and venous pressure were 
decreasing excreted the largest per cent of 
the injected Na-- during this period, while the 

' Aided by a grant from tlic Life Insurance 
Medical Rcsearcb l-'und, a War Contract Ko. 
AV-49-007-MD-3S9, tlie Ilelis Institute for Mcdic.al 
Research, and the Mrs. E. .T. Caire Fund for 
Research in Heart Disease. 

t Made available through cooperation of Pro- 
fessors M. T. Kamen and A, 1>. Hughes of the 
Washington University Cyclotron. 

t Reaser, Paul B., and Burch, George E., Pr.oc. 
Soc. 17xp. Btoi.. .•iKi> Mrj>,, 1040, 03, 543. 

2 Burch, G., and Winsor, T., .7. .1. If. .4 1943 
123, 91. 


least was excreted by the patient whose weight 
and venous pressure were increasing. 

(2) Effect 0/ adding sodium chloride to the 
diet. Twelve grams of NaCl per day were 
added to the diet of the normal subject and 
the patient with congestive heart failure who 
was recovering (Patient No. 1). This re- 
sulted in a marked increase in the sodium 
clearance and in the sodium excretion of the 
normal subject, but there was only a slight 
increase in the clearance without an increase 
in the total Xa-- excretion in the patient with 
heart failure. There was a slight increase in 
the weight and venous pressure associated 
with the decrease in total Na-- output in the 
patient with congestive heart failure. 

(3) Effect of Mcrcuhydrin {mercurial di- 
uretic). The most pronounced effects of hler- 
cuhydrin (the sodium salt of methoxv'oxi- 
mercuripropylsuccinyhirea witli tlieophylline) 1 
were an increase in sodium clearance and a 
decrease in weight in all subjects. Other effects 
included an increased excretion of water and 
sodium, usually with a proportionately great- 
er increase in sodium excretion than in water 
output. Often there was a decrease in venous 
pressure. It may be noted that frequently 
during the periods following the diureses due 
to IMercuhydrin, the excretion of sodium and 
water was less than had occurred during and 
just prior to the diureses. 

(4) Relation oj sodium excretion to fluid 
output. In general, the day to day fluctuations 
in the excretion of water and of sodium were 
concordant, the latter fluctuating more, par- 
ticularly following Mercuhydrin. 

(5) General trends. During the 60-day 
period of observation both the venous pressure 
and weight remained within a constant range 

i Supplied by Lakeside Labor.vtories, MilTv.aukec 
Wis. ’ 
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X-RAYS ON Respiration Fowl Erythrocytes Nuclei 


TABLE I. 

Influence of Irrudiution on Oo Consumption of Nuclei of FoavI Erythrocytes. 
p.1 O2 Consumed by 2 ml of Nuclei Suspension 10 Mill Nuclei/1 niin3 After 30 to 180 min. 


Irradiation dose 
(in millions r) 


30 min. 60 min. 90 min. 120 min. loO.min. 180 min. 


0.5 

22.9 

41.5 

0 

5.9 

14.4 

1 

68.8 

101.2 

0 

7.1 

14.7 

1.5 

16.7 

28.6 

0 

2.0 

4.0 


52.1 

59.1 

64.4 


22.0 

29.6 

38.1 


120.5 

131.2 

140.7 

148.9 

23.6 

34.8 

47.1 

59.6 

35.9 

41.2 

46.6 

50.5 

8.0 

12.6 

17.8 

23.9 


an accelerating effect on the respiration of 
nuclei and this effect was far more pro- 
nounced than that on whole erythrocytes as 
may be seen in Fig. 1. Thus, the effect of 
^ million r on isolated nuclei is about twdee 
as great and the effect of one million r is more 
than 4 times as great as the corresponding 
effects on whole erythrocytes. 

In Fig. 1 we give the rate of O 2 consump- 
tion of normal and of irradiated nuclei and 
of whole erythrocytes irradiated and non- 
irradiated. The rate of respiration of non- 
irradiated erythrocytes and that of non- 
irradiated nuclei was arbitrarily designated 
as 100 (the horizontal base line). Values for 
irradiated nuclei observed at the same times 
were computed relativelj’- to this normal value. 
The curves thus represent percentage in- 
crease or decrease in the respiration of ir- 
radiated nuclei compared with non-irradiated 
controls, plotted against time. The same figure 
also presents the cun^es describing the in- 
tensified respiration of whole erythrocytes 
irradiated also with identical doses of and 
one million r. The fact that the curves for 
nuclei for both doses fall sharply and that 
in both cases the normal is reached simultan- 
eously is striking. 

Table I presents a series of typical ex- 
periments with different doses of X-rays. 
These figures show that after exposure to any 
of the given doses the intensity of respiration 
of the irradiated nuclei is initially high, be- 
comes gradually weaker and falls to below 
normal after 3 hours. A similar, though some- 
what delayed course is taken by the respira- 
tion of whole erythrocytes after irradiation, 
in which case the process of inhibition sets 


in much later. 

It is still impossible to explain the process 
of X-ray activation described by various 
authors. The observed difference between the 
respirations of irradiated erythrocytes and 
irradiated nuclei alone, however, may be due 
to the protective effect of cytoplasmic proteins 
against the influence of X-rays. In order to 
verif}^ this assumption we added O.S^ al- 
bumin or hemolysate to the nuclei before ir- 
radiation, thereby considerably weakening the 
stimulation. 

Dale,'* Friedewald,® Evans® and others 
have described such a protein effect on viruses, 
enzymes and sea-urchin sperm. It may be 
assumed that the proteins present in erythro- 
cytes (globulin, hemoglobin, etc.) also exert 
-a similar protective effect on the influence of 
X-rays on the respiration of whole erythro- 
cytes. 

Summary. 1 . The effect of X-ray irradiation 
on the respiration of the nuclei of fowl ery- 
throcytes has been investigated. 2. The res- 
piration of these nuclei was temporarily stim- 
ulated by treatment with doses of 500,000 to 
1,500,000 r. This stimulation of nuclear res- 
piration Avas more pronounced than that ob- 
tained with whole erythrocj'tes. 3. The ad- 
dition of hemol 3 ^zed blood or albumin to the 
susjjension of nuclei before irradiation has a 
protective effect against the activating influ- 
ence of X-rays. 

D.-ilc, tv. JI., Meredith, tV. J., .and Tweedie, 
M. C. K., ]^^aUirc, 1943, 151, 280. 

5 Fricdewald, W. F., and Andersan, I?. S., ,T. Exp. 
iled., 1941, 74, 4G3. 

0 Bv.tns, T. C., Slaiigliter, .1. C., Little, E. P., and 
Failla, G., Sadiology, 1942, SO, 663. 
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Fig. 2. 

Vnr: stioii-s in venous jire-fsuref. f*ut|>ui. nj‘i!0£o;15urn iNn--; 5>1oo:l 

rttdto^vlium concentration and radiosodiom clearance In a C'J'ycnr oM negro male Tritli senile 
arierioselerotjc b^art ilisease in eongestlvc Eeart fallnre ^KDrctional Class I^ ) improved 
under treatment. \Veigbt and venous proTsure decreased concordantly associated ivitli an 
excretion of radiosodiem excoc/Ung that of the normal subject. Addition of 12 g: of XflO per 
•hi}’ to the diet caused a concorflant increase in '.veight and venous pressure concurrent ivith a 
d«^re'i«:ng excretion of radiosodium. Intramus^'ulur inje-'rtions of Mercuhydrin (M) in 2 ce 
do<es caus-id increases in ra<iiosodiiJin elearanee, total sodium excretion and total crater output. 
One-half of the injected radiosodinm v’as excreted in 2o »iay« and 04^< by tlie end of the study 
djay«i. The patient vras on a lovr «odium diet except from tlie 22nd to dlst day. On the 
loth day K ^2 rrs^ administered for other «:udy purp^'«<-«. 



Tig. 3. 

Variation* in rreight. v-nous pressure, vratcr output, blood ni*lioso<iiam rXa~) concentra- 
tion. radio=odiuiT: clearance and radiosodium excretion in a 4»>year-oJd uc-gro male -K-ith lactic 
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Fig. 1. 

Variations in -n-eiglit, venous pressure, fluid output, radiosodium (Na~) excretion, blood 
radiosodium concentration and blood radiosodium clearance in a normal SZ-year-old negro male. 

The Tveight and venous pressure showed daily variations ivithin a narrow range. The addition 
of 12 g of NaCl per day to the diet resulted in an increase in blood radiosodium clearance and 
total radiosodium excretion. Intramuscular injections (2 ec) of Mercuhydrin (JI) resulted in 
increases in radiosodium clearance, fluid output and radiosodium excretion. One-half the 
injected radioactive sodium was excreted in 30 days and 69% was excreted by the end of the 
study (GO days). The subject was on a low sodium diet e.vcept from the 22nd to the 41st day. 

On the fifteenth day K-ts was administered for other study purposes. 

for the normal subject (Fig. 1), decreased in tients with congestive heart failure were 

the patient recovering from failure (Fig. 2) found to ex’crete less than normal amounts of 

and increased in the patient decompensating Na and ivater during the period that the fail- 
(Fig. 3). lire was advancing, but during the period of 

The normal subject excreted 50% of the improvement the excretion of salt and water 
injected Na-- in the urine in 30 days and 69% e.xceeded that observed in the normal subject, 
by the end of 60 da 3 's (Fig. 4). The patient The patient recovering from congestive heart 

rapidly improving had e.xcreted 50% in 25 failure excreted more sodium when on a low 

days and 64% by the end of 60 days, while sodium diet than when on a high sodium one, 
the patient decompensating had e.xcreted onl}' W'hile the reverse was true for the normal sub- 
42 % at the end of the 60 days. ject (Fig. 1, 2). Mercurial diuretics, digitalis 

For a period of 5 hours following one of the and ammonium chloride were among the 
injections of Mercuhydrin (on the 35th day) other agents, the influences of which were ob- 
several serial determinations of weight and served during the 60 days of continuous study, 
venous pressure w’ere made. The behavior of While it was shown that changes in weight 
weight, venous pressure, water output, Na-- and venous pressure were concordant, but 

excretion and Na-- clearance were similar for both varied inversely ivith the sodium and 

the briefer period to that described for the water excretion, a change in w^eight or venous 
longer intenmls. That is, weight and venous pressure or sodium excretion could not be 

pressure were concordant and w'ere inversel 3 ’- shown to precede a change in either of the 

related to fluid and Na-- excretion and clear- other. Thus, from the data obtained, it is 

quite unlikely that a mere increase in intra- 
Comments. The findings in this study were capillary hydrostatic pressure is responsible 
rd with the 'generally accepted ideas for these changes. It could not be demon- 
id SSestive heart failure, that is, the pa- strated that either sodium retention or in- 
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Stratification of the Erythrocytes of Man by Ultracentrifuging.* 
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H. W. Beams. 

From the Department of Zoology, State Vniversity of lotea. 


The shape and structure of the mammalian 
erythrocytes have attracted the attention of 
many investigators.^"* The chief problems in- 
volved seem to center around a possible ex- 
planation for the bioconcave form assumed by 
the erythrocytes when floating freely in the 
plasma, and on efforts to deduce an archi- 
tecture suitable to account for the function 
and physiological behavior of these cells. 

Beams and Hines'* found that it was pos- 
sible to stratify the rat erythrocytes by ultra- 
centrifugation. Similar studies dealing with 
the physical properties of the erythrocytes 
of man have been made and are herewith re- 
ported. 

Material and Methods. Freshly drawn 
blood from the finger of an adult man was 
placed in the rotor of the ultracentrifuge 
which was subsequently sealed, i^fter stand- 
ing until the blood had clotted the centrifuge 
was started and operated at a pressure which 
delivered a centrifugal force of approximately 
400,000 times gravity. After centrifuging for 
20 to 30 minutes the blood was fixed in 
Champy’s fluid for 12 hours. Paraffin sections 
were made of the clot which contained many 
erythrocytes in its meshes. These sections 
were bleached in potassium permanganate and 
oxalic add and subsequently stained in Heid- 
enhain's hemato.xylin or JIallory's triple stain. 
Several other staining procedures were also 
tried, including supravital methods. 

Results. The cells in Fig. 1 and 2 have 

* Aided by a grant from tlie Itoebctcllcr Foun- 
dation for rcscarcb in ccilular piiysiotogy. 

1 tVinthrobc, H. W., Medicine, 1930, 0, 195. 

- Krumblia.'ir, E. B.. Special Citlalopy, I'.aul B. 
Iloebcr, New York, 1932, U, 555. 

3 Fonder, E., Profoplasmn .lfo?io()r<ip?iicn, Berlin, 
1934. O, GG. 

•* Isaacs, R., Uandhool: of Jlrmatology, Paul B. 
Iloebcr, 1938, 1, 5. 

'■ Beams, II. IV., and Hines, E. B.. Anal. llec. 
1944, no, 155. 


been stained in Heidenhain’s hemato-xylin. 
They are slightly elongated and their typical 
biconcave appearance seems to have been al- 
tered. The centrifugal halves of the cells stain 
sharply with the hematoxylin "while the centri- 
petal portion remains unstained. It is evident 
that the erythrocytes possess a m.embrane 
which is capable of resisting considerable 
mechanical distortion. Fig. 3 and 4 show 
erythrocytes in profile that have been stained 
in Heidenhain’s hematoxylin. The hematox- 
\'lin-stained material has been concentrated 
at the centrifugal end of the cells without 
greatly distorting their biconcave appearance. 
Because these cells were free to .shift their 
positions relative to the centrifugal field dur- 
ing the process of removal from the centrifuge, 
they are not all oriented in the same direction 
in the photographs. 

In Fig. 5 the cells were stained in Heiden- 
hain’s hematoxylin and acid fuchsin. In the 
isolated cells of the lower half of Fig. S sep- 
arate layers may be observed: a hemato.xylin- 
staining layer at the centrifugal end, a non- 
staining area in the middle, and an acid 
fuchsin staining portion at the centripetal end. 
Similarly, 3 distinct layers may be observed 
following staining in Alallory’s triple stain 
(Fig. 6). Here the centrifugal portion of the 
cells is stained orange, the middle red, and the 
centripetal end a light blue. The fact that 
they are more or less selectively stained by 
different dyes indicates that they are of a 
different chemical composition. 

Discussion. The erythrocytes seem to con- 
tain at least three distinct substances which 
differ in their relative specific gravities and 
staining reactions. However, the chemical 
composition of these substances is at present 
unknown. Supravital preparations did not re- 
veal clear evidence of stratification, although 
it was previously observed for the erythro- 
cytes of the rat that the hemoglobin in some 
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DAYS lO £0 30 >fO 50 60 

Fig. 4. 

The rate of excretion of radiosodium (Na—) as per cent of the total injected dose for the 
subjects studied. The study may be divided into 3 periods, (1) during the first 22- days the 
subjects were on a low sodium diet, (2) during the next 19 days the normal subject and the 
patient recovering from heart failure were receiving 12 g of NaCl per day, and (3) during the 
remaining period of the observation all 3 subjects were on a low sodium intake. The histograms 
show the relation of radiosodiura output in the normal subject to that of the patients with heart 
disease, both while on a low sodium diet and while receiving 12 g of NaCl per day. These latter 
per cent values represent proportions of the amount of Na— in the body at the onset of each of 
the 3 periods. 

crease in venous pressure was the primary mechanisms of the retention of Na and water 
factor in edema formation or that edema pre- in congestive heart failure remain unknown, 
disposed to either of these factors. The actual 
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in these studies, although we have obsen'ed 
it in normal uncentrifuged erythrocytes treated 
b\' other rriethods.® 

Summary. Three distinct substances which 
differ in their relative specific gravities have 

c Jordan, H. E., Kindred, J. E., and Beams, 
H. tr., Anat. BcC; 1930] 46, 139. 


been stratified b\' high centrifugal force in 
the erythrocytes of man. These substances 
seem to differ chemically for the}' mai' be 
differentially stained by certain dyes. The 
stretching of certain of the eri'throcytes by 
centrifugal force indicates that they possess 
a membrane of considerable elasticit}'. 
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Influence of Epinephrine on Vasoconstrictor Action of Kidney Extracts.* 

E. IMylon, F. H. Horton and R. P. Levy. (Introduced b}' AI. C. Winternitz.) 
From the jAiboratory of Pathology, Tale University School of Medicine, Kew Haven, Conn. 


Perfusion of rabbit’s ears with saline ex- 
tracts of minced kidney is usually associated 
with vasoconstriction. ^linute amounts of 
histamine or histamine-like compounds pres- 
ent in the minced organ are thought to be 
responsible for this effect. When these are 
removed by dialysis, acetone-ether treatment 
and other methods involved in fractionation 
of the crude preparation, the vasoconstrictive 
action as determined with the rabbit’s ear or 
the dog’s tail, is lost. 

It is reported, further, that the vasocon- 
strictive action of some kidney fractions as 
demonstrated by intravenous injection in the 
living animal may be absent when tested by 
the perfusion method.^---^ Important con- 
clusions, it will be recalled, have been drawn 
from this discrepancy as determined by the two 
methods of testing the same e.xtract.--^ Little 
if any attention on the other hand has been 
given the reports of Schaumann.^ Burn and 
Tainter' and more recently of Morton and 
Tainter.” These authors observed that various 

* Aidtxl br a grant from the Coiunioiiwcalth 
Fund. 

1 Ilcis.sol, G., Klin. Wchnschr., 1938, 17. S-J3. 

- Braun-Mcnpndcz et a!., Penal Jlypertenston. 
translated by De.vtcr, L., Chas. C. Thomas, Spring- 
field, III., 1940. 

3 Page, T. il., and Ilelmcr, P. M.. ,1. Exp. Med.. 
1940, 71, 29, 493. 

•> Schanmann, O.. .irch. Path. Pharmacol., 1928. 
i:i8. 208. 

Burn. .1. II., and Taintor, M. L., J. Phusial.. 
1931. 71. 109. 


siTnpathomimetic amines are vaso-inactive 
when perfused through isolated peripheral 
blood vessels. When, however, subthreshold 
amounts of epinephrine are added to the 
perfusate, strong vasoconstriction follows. 

In the light of these findings the vasoactiv- 
ity of various kidney extracts has been re- 
e.xamined. 

•As test object the vessels of the isolated 
rabbit’s ear were selected. This is a technique 
devised by Pisemski and Krawkow," modified 
by Schlossman,'* Kahlson and von Werz,® and 
further bj' Brandt and Katz.*" More recently 
it has been extensively employed by Page** 
who incorporated pulsating pressure. It is the 
general opinion that this method adequately 
permits measurement of vasoconstrictive sub- 
stances in perfusion fluids. 

Materials and Methods. In general, the 
e.xperiments followed the technique described 
by Landis’- and by Morton and Tainter.® 
.\ constant, non-pulsating perfusing pressure 

c Morton, M. C., and Tainter, M. L., J. Physiol., 
1940, 08, 2G3. 

V Kra^vkotv, N. P. ct al.. '/,. f. die ges Exp. Med., 
1922, 27, 127. 

s Scblossman, E., Arch. f. Exp. Path. ji. Phar- 
macol., 1927. 121, IGO. 

n Kaldson. G., and von IVcrz, It., ihid,, 1930, 
148. 173. 

in Brandt. G., and Katz, G., /. /{li,,. Ved 

19.33. 12.1, 23. ’ 

11 Page. T. If., .Jm. Heart J., 1942. 2;{, 33G. 

12 Bandit. E. M.. ct al.. Am, .1. Phte-iol 1043 

i;in. 2G. ' ’ • ' 



374 


‘ HUMAN 


JHROCVTES 



i” went. G. Mnlln;;.’/ sJi.iPe pvPi 

«/ cans „,s dMaced, Tie .i,„ , “ ""'• 

atorplj. WsiMe s.ralific.,i„„ ” ‘l”' « «Pp..r.„ee ,, 

ca“ e ™ 7"’™')’'“ « "Ot a»,p,fcto,7f fr"''”" by '"d'ff"' "“T 

cau„e no internal structure can be seen in tht '< not i?. staining nr, 

normal ce is with direct illumination dafk ban^W J-^Presei 



Fig. 2. 

Viisocoiistrictor action of a coinbiiiation of somi-)iurifif(l renin .anil i?i>inc{i!irine. Kpincnlirino 
amount used: 1 cc of 1:2,500,000. 


resulting lyophilized protein mi.xture injected 
intravenously raised the blood pressure of a 
10 kilo dog 30-40 mm of Hg. 

Results. The saline e.xtract of the dr\- pow- 
der produced no significant effect on the flow 
of the perfusate through the rabbit's ear in 
10 trials. When combined with a quantity of 
epinephrine, in itself without effect on the 
perfused vessels, marked vasoconstriction fol- 
lowed. .A typical e.vperiment is recorded in 
Fig. 1. 

A short constrictor effect was occasionally 
encountered on the second or third injection 
of amounts of epinephrine that were “sub- 
threshold" on the first injection. This con- 
trasted with the prolonged constriction that 
followed the combination of epinephrine and 
renin. 

The second preparation gave equivocal re- 
sults. In itself inactive on perfusion, vaso- 
constriction followed with addition of a sub- 
threshold quantity of epinephrine in 16 of the 
26 trials. The preparation was found to be 


only relatively soluble, as might have been 
anticipated after years of storage and this 
is thought to be associated with the inconstant 
results secured. 

The findings were uniform with the recent- 
ly prepared and quite soluble third prepara- 
tion. Xo vasoconstriction followed when it 
was added to the isolated rabbit ear perfusate 
in m"an\' trials. lA hen, however, it was supple- 
mented with the above described minimal 
amounts of epinephrine marked vasoconstric- 
tion invariably resulted. This is illustrated in 
Fig. 2. 

Sumviary. Protein fractions of hog kidney, 
in themselves inactive on perfusion, become 
strongly vasoconstrictive when supplemented 
with thaces of epinephrine. While a similar 
inlluence of minute quantities of epinephrine 
on vasoconstriction is well knorvn to occur 
with some sympathomimetic amines, insuf- 
ficient information is at hand to clarify the 
pharmacological nature of the observed' svn- 
ergistic action. 
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PlO. d.,.- < 

Vasoconstrictor action of a combiiiatioii of an exjiract of, kidiioj' powder anti epineplirinc, 
Epinephrine amount used: 1 ee of 1 .'S, 500 , 000 , 


Epineph: 


was employed since Morton and Tainter® did 
not observe any significant differences be- 
tween constant and pulsating pressure as 
tested on the hind leg of the cat. Careful 
washing out of the ear with Ringer-Locke solu- 
tion preceded each injection of test material. 
Epinephrine (Parke, Davis 1:1000) was di- 
luted with distilled water and finally 0.5 cc, 
1.0 cc or 1.5 cc of this 1:2,500,000 or 
1:5,000,000 solution was made up to 8 cc with 
Ringer-Locke. The subthreshold dose was 
determined for each ear and was found to 
range between .2 and .6 pg. When a mixture 
of epinephrine and a kidney e.xtract was to be 
tested, an appropriate amount of Ringer- 
Locke’solution was replaced by kidney extract, 
the total volume remaining 8 cc. 


suspension was then centrifuged and the super- 
natant dialyzed. 

A second preparation made in this labora- 
•tory in 1939'® resulted from the further treat- 
ment of the aboi'e saline extract with mono- 
and dipotassium phosphate and then with 
10% sodium chloride at pH 4.0.''* On intra- 
venous injection 3.6 mg of the resulting pro- 
tein raised the blood pressure of a 10 kilo 
dog 30-40 mm of Hg. 

A third preparation was made recently' by 
a different method. Aqueous extracts of hog 
kidney' brought to pH 2.9 with 10% trichlor- 
acetic acid were filtered, neutralized and frac- 
tionated with ammonium-sulfate and alcohol. 
The procedure is similar to one described for 
the preparation of renin. 0.36 mg of the 


Hog Kidney Fractions. The simplest of 
these preparations resulted from the e.xtrac- 
tion of the dry powder secured by acftone- 
ether treatment of fresh minced hog kidney 
Twenty grams of the powder were extracted 
with approximately 150 cc of 2% sahne; this 


13 Winteriiitz, AI. C., Mylon, E., Waters, L. L., 
and Katzenstein, H., Tale J. Siol. and 2lcd., 1940, 
12, G23. 

n Belmcr, P. AT., nad Page, I. H., J. Piol. Clicm., 
1939, 127, 757. 

15 Katz, r. I., and Goldblaff, H., J. Exp. ilcd., 
1943, 78, 07. 
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TIME - MINUTES 

Fig. 1. 

Va.scH'i.'iiatrictoi- action of a comliiiiation of an c.xtract of liop liver jimvtler ami epinciiliriiio. 
'Pile epinephrine ainunnt used was 1 ec <tf 1 :2,50G,0(Ut. It siionld he added tlnit at least .I tinies 
the anunmt of epineplirine alone is required to produce an equiinessor effect. 


of the extract with high activity had a total 
content of only 0.8 mg of protein. 

To corroborate this result in part. 2 more 
lots of liver were processed after the same 
fashion detailed above. Despite rigid adher- 
ence to the prescribed method, the fractions 
of the two new lots with higliest activity when 
supplemented with epinephrine were not the 
same. This is shown in Table I that repre- 
sents 36 experiments with the various fractions 
of lots 2 and 3. 

Analysis of Fraction IV A. This fraction 

TABLE I. 

Protein range, 

.\cttvi’\ pr.utMins lag cc Lot No. 

None .a — 2 

Moderate 10 0.12- ."-fi 2 

Marked 2.G -1:1.2 2 

None 4 0.5 • 1.7 3 

Moderate 3 O.S - 2.4 3 

Marked 0 0.4 - 4.7 3 


was lyophilized and no reduction of its vaso- 
aclivity resulted. Samples of the lyophilized 
fraction, a Huffy, light brown powder, were 
analyzed with the following results: 

1. Qualitath-c Tests: Tlic usual qualitative tests 
for protein were po.sitive. of the nitrogen 
was amino N, There was a positive test for 
sulfur. 

".Quantitative slnatysis: All clcmeiits reported 
were ctilcnlated on a moisture and ash free 
basis. 

6711 C N S P* 

40.1S 15.1S 0.P5 0.00 

• The phosjtliorus probably represents an im- 
purity in the ash. 

Discussion. Protein fractions of several or- 
gans of various species become vasoconstrict- 
ive when supplemented with subthreshold 
quantities of epinephrine just as such addition 
is known to effect otherwise inactive sympa- 
lomimetic amines.'^ Whether this activation 

C Morton, M. C.. and Tainter, M. L , J. rhijsiol, 
1D40. 08, 2G4. 
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Influence of Epinephrine on Vasoconstrictive Action of Organ Extracts,*^ 
E. Mylon, E. H. Horton and R. P. Levy. (Introduced by i\I. C. Winternitz.) 

From the Laboratory of Pathology, Yale Vniversity School of Medicine, Few Eaven, Conn. 


Epinephrine quantitatively insufficient in 
itself to have any constrictor effect has been 
observed to activate various otherwise inert 
fractions of kidney extract as demonstrated 
by constriction of the vessels of the perfused 
rabbit’s ear.^ It has been shorni that this 
effect is neither species nor organ specific. 
This evidence will now be presented together 
with such facts as have been secured related 
to the character of the agent in the tissue 
extracts. 

Organ extracts of hog, dog, and rabbit 
including liver and heart as well as kidney 
have been prepared in the following several 
ways: 

(1) Approximately 200 g of minced organ 
were thoroughly mixed with equal amounts of 
saline, kept at S°C for 24 hours prior to re- 
moving the precipitate by centrifugation and 
dialysis of the supernatant fluid. 

(2) Twenty g of the dry powder residue 
after acetone-ether extraction of minced or- 
gan, were treated with approximately ISO cc 
of 2% saline and centrifuged to secure the 
supernatant for dialysis, 

(3) Many methods of fractionating the 
above more crude extracts were utilized. Only 
the one that yielded a product of greater in- 
terest is detailed. Approximately 5 kg of fresh 
hog liver were minced. The following pro- 
cedures were carried out at 5°C: Extraction 
with 10 liters of distilled water for 24 hours 
and filtration through several layers of gauze; 
the careful adjustment of the filtrate to 
pH 2.9 fay slow addition of 10% trichloracetic 
acid. (The final concentration of the trichlora- 
cetic acid was 1.4%. ) Removal of the pre- 
cipitate through fluted filter paper (What- 
man No. 2) after 6 hours. The filtrate was 


then fractionated with ammonium sulphate, 
the precipitates redissolved and dialyzed, re- 
fractionated with ammonium sulphate and 
alcohol, in general following the procedure de- 
scribed for the preparation of renin from 
kidney.' The obtained organ fractions are of 
pro.tein nature and differ from the dialysates 
prepared by Cannon and Lissak,^ the alcohol 
extracts used by v. Euler* and the prepara- 
tions made by Raab and Humphreys.® 
Results. No significant vasoconstriction re- 
sulted from the perfusion of the rabbit’s ear 
with either the dialyzed saline extracts of hog 
heart or liver or with the saline preparation of 
the powders resulting from acetone-ether 
treatment of any of the three organs of the 
several animal species. Even addition of mini- 
mal quantities of epinephrine had reasonably 
little effect as supplement to the saline extract 
of minced organ. This latter finding con- 
trasted with the result of similar addition of 
epinephrine to the saline preparation derived 
from treatment of organ-powder after acetone- 
ether extraction. Vasoconstriction was always 
evident and as a rule it was marked. This is 
illustrated in Fig. 1. 

Marked vasoconstrictor effects resulted 
from the addition of epinephrine in minimal 
amounts to the last fraction of the liver desig- 
nated as IV A. A tj'pical experiment is illus- 
trated in Fig. 2. 

Throughout this study attention was di- 
rected to the ratio of the nitrogen content of 
the perfusate to the acth'ity curve. The trend 
had been downrvard and with Fraction IV A 
reached tlie new low. Two cubic centimeters 

2 Katz, Y. J., and GoWbl.-itt, H., .t. Exp. Sted., 
1943, 07, 78. 

a Cannon, W. B., and Lissah, K., A m. J. Physiol., 

1939, 125, 7G5. 

■«v. Euler, TJ. S., Nature, 157, 309, Jlarcl) 23, 

1940. 


Funcl. 

1 Mylon, 
Proc. Soo. 


E., Horton, P- H., aiul Pe'T, T 
Exp. Bior,. Axn Mm, 


SKaal), Vk',, and Iluniplirc'vs, R. J., ./;a. .7. 
Pfii/siol., 1,044, J48, 4C[>, 
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A Machine for Shell-Freezing Biological Materials in Small Glass 

Ampoules. 

Joel Warren. (Introduced J. E. Smadel.) 

I'rnm the 7Jci>artmcitt of Kirifs find l^iel'ettsinl Diseases, Army Medical Department Itesearch 
and Graduate School, irasUtngion, D. C. 


The increasing use of desiccation vaato 
from the frozen state as a method for pre- 
serving biological materials has created the 
need for equipment which will sheil-freezc- 
small amounts of fluid in a few ampoules 
without undue effort and e.\pense. The ma- 
chine described below is suitable for this 
purpose. It eliminates the irregularities in 
thickness of shell which result from rotation 
of ampoules by hand and the prohibitive cost 
of a single small run in one of the shelling 
machines designed for large scale production.’ 

cylindrical block, or rotor, of duralum- 
inum, 4 inches deep and 5 inches in diameter, 
constitutes the main portion of the freezing 
unit (Fig. 1 and 2). Eight drilled holes which 
have a diameter of 11/16 inches for a depth 
of lyi inches provide the spaces into which 
the ampoules fit with a minimum of play. 
The holes penetrate the entire block to facili- 
tate cooling, but are reduced in diameter to 
% inches throughout the terntinal 2^ inches 
of their depth, the place at which the di- 
ameters change, forms a shoulder upon which 
the ampoule rests. A small electric motor 
turns the rotor at 35 r.p.m. through a reducing 
gear, the shaft of which is directly attached 
to the duraluminum block by means of a hub 
and set-screw. The freezing mixture of alco- 
hol and crushed “dry ice" is placed beneath 
the rotor in a pan in such a manner that only 
a .'mall segment of the circumference of the 
rotor i.s submerged to a de()tl) of no more 
than '/2 inches at its deepe.'t point. The rotor 
and motor arc mounted on a werlge-shaped 
base so that the outer .surface of the rotor has 
an angle of about 5 with the surface of 
the chilled liquid. 

' Striinii:i. M. M.. .Hid .Mrtimu. .t, ,1., ,t. l.ah. and 
Chii. M,d.. ism;!, g.S. Ildn. 



Fig. 1. 

A macliinc for sliell-freczing biological materials 
in small ghass .ampoules. 

In operation, the rotor is first chilled by 
rotating for five minutes in the freezing bath 
and the cotton stoppered ampoules are then 
rapidly inserted in the holes. Approximately 
one minute is required to freeze an ampoule 
containing 3 cc of fluid. .Approximately 400 
ampoules can be processed in an hour with 
the apparatus illustrated. The unit is par- 
ticularly useful for freezing small lots, such 
as one-half to 3 dozen ampoules; for this 
about 3 to 4 pounds of “dry ice” are required. 

Summary. .An apparatus is described for 
the rapid shell-freezing of fluids in small 
containers preparatory to drying from the 
frozen state (lyophilization). 
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Epinephrine Plus Organ Extracts Vasoconstrictive 



TIME— Ml NOTES 
Fig. 2. 

Vasoconstrictor action of a combination of the hog liver fraction IVA and cpineplirine. 
Epinephrine amount used: 1:2,500,000. Note the slight constrictor effect of fraction XVA 
alone, and the marked constriction subsequent to the injection of the combination of fraction 
IVA and epinephrine. This marked constriction never occurred prior to the injection of the 
combination. No explanation is offered for this effect. 

indicates a potentiation of epinephrine or a when combined with subthreshold quantities 
stimulation of effector cells normally respond- of epinephrine. 

ing to this compound remains unanswered. In contrast, dialyzed saline extracts of 

\''arying amounts of phospholipid were re- fresh minced organs were inactive with and 
moved from the protein fraction by the differ- without addition of epinephrine. After freez- 
ent methods employed for separation. This ing and thawing or prolonged dialyzation 
may be associated with the change of the against distilled water epinephrine addition 
vasoconstrictor effect on blood vessels. resulted in some activity. 0.8 mg of protein 

Summary. Manj'’ protein fractions isolated or protein mi.xture secured bj'^ continued frac- 
from kidney, liver and heart of hog, and from tionation of hog liver and combined with sub- 
kidney and liver of dog and rabbit, inactive threshold amounts of epinephrine, produced 
when perfused alone through the rabbit’s ear, marked and long lasting vasoconstrictions. 
become vasoconstrictive at varying degrees 
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and the recognition of certain deficiencj' syn- 
dromes in the chronic alcoholic patient,®-^ 
there has been a progressive tendency to 'at- 
tribute all of the organic changes in alcohol- 
ism to the supposed universal dietar}' defi- 
ciency.® 

The observations of Connor,® however, are 
in opposition to this and should be noted. In 
rabbits, he was able to produce fatty infiltra- 
tion, liver cell atrophy, necrosis of liver cells, 
and fibrosis in variable degree by daily ad- 
ministration of alcohol, even though a diet 
with high casein content and an adequate 
amount of other known required factors were 
provided. The use of the rabbit, an animal 
in which perilobular fibrosis and parasitic 
disease of the liver are common findings, the 
■fact that the animals did not take an ade- 
quate amount of the diet, and the lack of 
control animals, make it difficult to assess 
fully the findings in Connor’s e.xperiment. 

The problem has therefore been undertaken 
in rats. Adult female rats of the Sprague- 
Dawly strain were used. Four series were 
employed; 

Group I — Low casein diet,* and alcohol, 

Group II — High casein diet, and alcohol, 

Group III — Low casein diet, no alcohol, and 

Group IV — High casein diet, no alcohol. 

The administration of alcohol caused a re- 
dnetion of food intake. The amount of food 

a Du Vigneaud, V., Biol. Symposia, 1941, 5, 234. 

0 Alexander, Leo, 'Jm. J. ’Fath'., 1940, 10, Gl. 

1 Goodheart, It., and Jolliffc, X., Am. Heart J., 
193S, 15, 5G9. 

8 Wright, A. W., Arch. Path., 1941, 32, G70. 

a Connor, C. L., Arch. Path., 1940, 30, IGo. 


Tlie composition of 

the dietsio employed was 

Low c.nscin 

High casern 

L.ird 

40<re 


Ag.ir 

«> 

o 

Starcli 

4S 

2i 

Salt mixture 

4S 

2S 

Osborne, Mendel 

5 

5 

Casein 

5 

25 


Each animal wa.s given daily one drop of Vi 
Denta furnished through the courtesy of Hoflniann- 
Laltochc), each O.G cc of which contains aOOO USP 
units of vitamin .\. 1 mg of thi:;miiu‘ HCI, 1 mg 
of rihotlanne. .SO mg of a.'corhic acid, 1000 USP 
units of activated crgo.sterol, and 2 mg of niacin- 
amide. 

to Tidwell. H. C.. and Treadwell. C. 11., .1. Biol, 
Chrm.. 1940, UI2. 153. 


administered was therefore placed under con- 
trol by allowing Groups I and II to eat ad 
libitum, and the amount taken was determined 
by weighing the food containers. The amount 
of food given to Group III and IV was the 
same as that eaten by the corresponding group 
taking alcohol, and on the preceding day. 
Alcohol was administered dail^’' bj^ stomach 
tube, the amount of 1.5 cc of 25% alcohol 
per 100 g, and 10% alcohol was given as the 
only drinking water. -Approximately 0.6 cc 
of absolute alcohol per 100 g of body weight 
was taken daily by these animals. The regime 
was continued for about 2 months, and at the 
end of this time the animals were autopsied 
and histological study of the livers and other 
organs made. 

Results. The rats receiving alcohol became 
obvioush' intoxicated and not infrequently 
were comatose for short periods following the 
administration of alcohol. These animals ate 
poorly. The groups receiving no alcohol con- 
tinued to exhibit good appetite throughout, 
although the animals receiving low casein 
diet later became slightly less inclined to eat 
their food. 

4 

The weight declined in all groups. Fig. 1 and 
2 show the decrease for each animal. 

Fatty livers were found in every animal 
of Groups I, II and III. No fatty change •was 
found in Group IV. The gross and histological 
findings were characteristic of this degenera- 
tive lesion. The liver was increased moderately 
in weight and was somewhat yellowish and 
friable. Histological study of hemato.xjdin- 
eosin and Sudan stained sections revealed 
fatty deposition in the liver cells and was 
moderate or marked, predominantly the latter. 
No evidence of cirrhosis was found. 

Discussion. In these experiments, the effect 
of emaciation from quantitative nutritional 
lack has been eliminated by providing the 
same amount of food to the corresponding 
control and alcohol groups. The weight cur\’es 
further establish this point, since the group 
receiving alcohol and adequate diet, showed 
slightly less weight decline than those receiv- 
ing no alcohol and quantitatively adequate 
diet. Thus any liver cell injury might well 
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Production of Fatty Infiltration of Liver in Rats by Alcohol in Spite 

of Adequate Diet. 


C. T. Ashworth. 

From the Department of Fatholopy, Southwestern Medical College, Dallas, Texas. 


The part played by alcohol in liver cell 
jury and cirrhosis has not been conclusively 
tablished. Prior to the recognition of the 
fluence of dietary factors in liver injury, 
any observations were made in an attempt 
, ascertain the solution to this question 
[oon> summarized and critically evaluated 
lese reports, concluding that there was no 
finite evidence that alcohol itself produced 
Ter cell injury. At the time of Moon s review, 
S the dietary factor was not given any 

Ssideration, 

CLumson, P. D., ”■’ 

:xp. Therap., 1926 , 29 , 19 . 


apparently recognized. Lamson and Wing 
showed that the combination of alcohol with 
csrbon tetrachloride increased the severity 
and incidence of liver cell injurj’’ and cirrhosis. 
This observation was evidently acceptable to 
both sides of the question as a compromise 
and seemed to constitute the basis for pre- 
vailing opinion on the subject until recent 
years. Following the elucidation of the dietary 
factor in the problem of liver cell injury 

■lAnen, F. X., Bonic, D. J., McLeod, J. J. B., 
and Robinson, W. L., Drit. J. Fxp. Path., 1024, 

/ Of 

■* Best, C. ir., 4Tnd Huntsman, ^f. H,, .A P/tt/xio!,, 
303rj, 83, 255* 
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which permits accumulation of fat within the separately from that of e.xtrinsic deficiency of 
liver cells, and that this effect operates lipotropic factors. 
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Gomplement-Fi.xation in Experimental and Human Poliomyelitis.* 


Hubert S. Loring, Sidney Raffel and Jane Coleier .Anderson. 
From ihc Departments of Chemistry and Bacteriology and Brpcrimcntal Pathology, 
Stanford Cnirersity, Calif. 


.Vlthou'ih many attempts have been made 
to find a simple immunological means of 
studying poliomyelitis, only the neutralization 
reaction has yielded consistent and reliable 
results. Possible reasons for the lack of suc- 
cess of precipitin and complement-fixation 

• Aiilcd by .a cr.nnt from tlic N.otion.al round.-i- 
tion for Inf.ontile P.-imlysie, Inc. 


tests have been discussed by several authors.^ 
1 he possibilities include (a) low reactivity or 
avidity of the neutralizing antibodies, (b) 
small size of the virus particle, and (c) in- 
sufiicient concentration of virus in the antigen 

I Sciiultz, E. tv., Gcbb.irdt, E. P., and Bulloct, 
L. T., J. Immunol, IP.II, 21, 171; Riffcl S., and 
Pchnltz. E. W., .7. Immunol, 1040, SO, 2GG. 
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be attributed to the only apparent variable, 
namely the presence or absence of alcohol. 
The fact that in Group 11, receiving high 
casein diet and alcohol, fatty infiltration of 
the liver occurred in all animals, would seem 
therefore to indicate that alcohol itself does 
produce liver cell injurj', and in this instance, 
fatty infiltration. There was no apparent 
difference in the incidence or severity of fatty 
degeneration nor is there any histological 
difference in the character of the lesion in the 
animals receiving alcohol and high casein 
diet, as compared to those receiving low 
casein diet with or without alcohol. The dura- 


tion of the period of observation was too 
short to determine the occurrence of cirrhosis 
in these animals. It remains to be shown 
whether the liver cell injury produced by 
alcohol is due to a direct toxic action, to the 
effect of the degradation products of alcohol. 


or whether alcohol interferes with the chemi- 
cal processes normally called into play in the 
metabolism of fat. 

Summary. Rats were given alcohol daily 
and either a high or low casein diet Control 
series received similar diets and no alcohol. 
The amount of food intake in control groups 
was regulated according to the amount taken 
by the rats receiving alcohol. The effect of 
total food intake in those receiving alcohol as 
compared with those not receivins alcohol 
was further obsen'ed bj' weight curves. Fatty 
infiltration of the liver occurred in every ani- 
mal receiving alcohol and low casein diet, 
alcohol and high casein diet, and in all those 
receiving low casein diet and no alcohol. 
Sons of the animals receiving the same vol- 
ume of the higli casein diet and no alcohol 
had fatty infiltration of the liver. It is there- 
fore concluded that alcohol exerts an effect 
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cubated at 37 °C for one hour, set in the 
refrigerator for 2 hours or slightty more to 
permit settling of cells, and read. The last 
lube showing SOfo lysis was taken to deter- 
mine the titer. Titer is e.xpressed in these ex- 
periments as the number of units of comple- 
ment-fixing antibody contained in one ml of 
undiluted serum. It is worthy of emphasis 
that in carrying out these tests the following 
precautions were observed: (a) The tubes 
were incubated at low temperature for eigh- 
teen hours to assure maximum reaction and 
minimal deterioration of complement, (b) 
The antigen was tested for possible anti- 
complementary properties by incubation with 
fractional units of complement in advance of 
and simultaneously with each group of tests, 
(c) A control for anticomplementary proper- 
ties of each serum was made throughout the 
dilution range simultaneously w'ith the actual 
test. 

The data presented in Table I show that 
complement-fixing antibodies against active 
virus were present to a variable degree after 
immunization with formaldehyde-inactivated 
virus. As both the method of vaccination and 
the elapsed lime before blood was drawn 
varied in these experiments, it was reasonable 
to expect the type of variation found. When 
blood was drawn about three weeks after the 
last injection of vaccine in the animals which 
were refractory to infection, Group c, uni- 
formly high titers of >80 were found. Blood 
from vaccinated animals which developed 
poliomyelitis but recovered with some residual 
signs of the disease. Group a, also showed 
similar high titers. Samples taken five months 
after immunization, however, (Group b) gave 
relatively low liters although these animals 
had been given several injections of crude 
209 c infected-brain extract a few weeks pre- 
viously. 

.■\s the vaccine used for immunization in the 
above mentioned experiments had been ob- 
tained from a virus preparation that may have 
contained some normal rat tissue proteins, 
the positive results could be explained by 
immunization to the normal tissue components 
as well as by immunization to virus. In order 
to study this question, the complement-fixing 
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TABLE I. 

Complement-fixation ^Yitll Concentrated Lansing Yiius and Sera from Immune Eats.* 


Serum 1 : Serum Titer 


Immunization history 

Group ;i, vaccinated rats which developed “polio” 
on oliallenge, but survived with residual paralysis. 


Group b, vaccinated rats which proved resistant to 
subsequent challenge . 


Group c, same as group b, vaccinated with a differ- 
ent preparation of formalized virus 


Bat No. 

0 

O 

4 

8 

control 

(units per ml) 

66 

4 

4 

4 

3 

0 

80 

67 

4 

2 


-H * 

0 

20 

94 

4 

4 

4 

2 

0 

SO 

90 

2 


± 


0 

20 

91 

1 

1 


0 

0 

+ 

92 

zt 

0 

0 

0 

0 

0 

63 


4 

4 

4 

0 

>80 

64 

4 

4 

4 


0 

>40 

95 


4 

o 

4 

0 

>80 

100 



4 

4 

0 

>80 

102 

4 

4 

4 

4 

0 

>80 

107 


4 

4 

4 

0 

>80 

113 

4 

4 

4 

4 

0 

>80 

116 

4 

4 

4 

4 

0 

>80 


Groups a and c. Injected with 10-3 g formalized virus nitrogen, Preparation 91-2-4,3 as follows: 
2.5 -x 10-6 g intradermal’ly on 12/10/46, 5 x lO-e g intramuscularly on 12/23/40, and 2.5 x 10-6 g mtra- 
dcrmallv on 12/30/40. Challenged on 1/6/47. Bled 1/21/47. ^ 

Group b. Injected rvith 3 x lO-c g formalized virus nitrogen, Preparation 8/3 as follows: _ x lu-i 
g on 8/15/46 and lO-e g on 8/20/46 intraperitoneally. Challenged 8/24/46. Eechallenged 9/.. //46 
Eeinjected with 0.5 cc of 20% crude virus suspension twice weekly from 10/12/46 to l/_/4i. Jiieu 


1/21/47. 

Virus preparation 91‘2-43 at 2 x 10-5 g nitrogen per ml used as nntigrn; antigen control with one 
unit complement 0, with % unit complement 2, and with no complement = 4. 


preparations used. 

Recent work on the concentration of the 
Lansing strain of poliomyelitis virus- has pro- 
vided more concentrated virus preparations 
than those previously employed in immuno- 
logical tests. In a previous paper^ the immun- 
ization of cotton rats with formalized prepara- 
tions of highly concentrated Lansing virus 
and their protection against the intracerebral 
injection of large doses of active virus was 
reported. If the high degree of immunity pro- 
duced in many of these animals was due to a 
high titer of humoral antibodies, it seemed 
possible by the use of concentrated virus as 
antigen that positive precipitin or complement- 
fixation tests could be demonstrated in such 
sera. Precipitin tests w'ere attempted but 
proved negative. Complement-fixation tests, 
on the contrary, proved definitely positive. 

The results obtained with sera from 2 
groups of rats that had been injected with 
formalized virus and had proved refractory 
to relatively large amounts of active virus, 


e- eboo. soc. 

XP. Biol, axd Med., 1946, -^l- 

-i T orina H S., Sehwerdt, G. E., Laivrcnce, i 
3 Jjonngj Ai. ) infi 104 

Audersou, J. C., Science, 194/, 106, 


as well as with sera from 3 immunized rats 
which developed poliomyelitis on subsequent 
challenge, are given in Table I. The comple- 
ment-fixation tests were made as follows: The 
immune sera were incubated at S6°C for 20 
minutes to destroy the complement present 
and mixed with saline to give the dilutions 
used. A 0.1 ml volume of each dilution was 
then distributed in small test tubes, to which 
was added 0.2 ml of a dilution of guinea pig 
complement containing 2 units, 0.6 ml of 
saline, and 0.1 ml of a 2-cycle virus prepara- 
tion containing 10“'’ g nitrogen per ml. Pre- 
liminary tests showed this concentration of 
virus to be devoid of anticomplementary 
properties ivhen tested with fractional units 
of complement. Controls without antigen were 
set up for the entire range of dilutions of the 
sera. Controls for possible anticomplementaty 
action of the antigen were also set up along 
w'ith each set of tests. The tubes were shaken 
and incubated at 4°C overnight. To a 4fo 
suspension of sheep red blood cells v'as added 
an equal volume of solution containing eight 
units of hemolysin per ml and O.S ml of this 
suspension of sensitized cells was added to 
each test tube. The tubes were shaken, in- 



TABLE III. 

Complomeiit-fixiition of Eorinal Rot Scrum with Virus .iiid witli “Normol” Antigen. 
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titer of each serum was determined with a 
similarly concentrated preparation of normal 
cotton rat brain and spinal cord in compar- 
ison with that of concentrated virus. 

A total of 257 g of brains and spinal cords 
from normal cotton rats were processed by the 
procedure used for the preparation of the virus 
concentrate." After 2 ultracentrifugal c 3 ’'cles 
of purification, the high molecular weight sedi- 
ments obtained contained 0.85 mg of nitrogen. 
The yield of nitrogen found in this experi- 
ment was relativelj'- higher than those ob- 
tained from normal tissue after 3 or 4 cycles 
of purification as previously reported. This 
normal constituent was used in the comple- 
ment-fi.xation tests at the same concentration 
as that used for the virus preparation, namely 
10"® g nitrogen per ml, and also at one-tenth 
this concentration. 


The results of this experiment are sum- 
marized in Table 11. It may be seen that a 
sample of pooled immune serum from 6 
immunized and refractory rats fixed comple- 
ment when either the concentrated virus or 
the preparation from normal rat tissue was 
used as antigen. In all the tests made, how- 
ever, the titer for virus (160 to 1280) was 
significantly higher than that for the normal 
preparation at either the same concentration, 
(titers of 80 to 160) or at one-tenth the con- 
centration (titers of -f- to 40). Because of the 
difference in titers with the 2 antigens, the 
results suggest that complement-fixation in 
the presence of virus was due primarilj’- to 
the reaction of antibody with virus rather than 
to a reaction of antibodj' with a normal com- 
ponent present in the virus preparation. 
Another possible e.xplanation for positive 
complement-fi.xation "with the antigen from 
normal tissue, in addition to that mentioned 
above, is that poliomyelitis virus produced in 
cotton rats may be related antigenically to 
certain normal brain tissue proteins. The lat- 
ter phenomenon would be similar to that ob- 
served with several infectious agents and 
certain of the normal antigens of the host,*”’-® 

rntc Slol. oud McL, 


1940, 13, 61. 

r. Oli.-inibers, Ii. 

1941, 17, 442. 


A., and Ilenle, W., A-m. J. Path., 


Experiments were conducted with sera from 
normal rats to determine if antibodies were 
present ivhich would fix complement in the 
presence of either virus or the normal tissue 
preparation. These results are summarized in 
Table III. It may be seen that complement- 
fixation occurred with most of the sera tested 
with virus as antigen in animals either 5 or 
8 w-eeks old. Less consistent results and in 
general lower titers were found with the 
“normal” antigen. Several instances are re- 
corded where positive tests were found with 
virus, but no antibodies to the “normal” anti- 
gen could be detected. These results are sim- 
ilar to those found by Casals and Palacios^ 
and by Kidd and Friedewald® with non- 
specific antibodies occurring in normal serum. 
In the latter instances it was reported that the 
non-specific antibody could be eliminated by 
heating the serum to a higher temperature than 
that usually employed to destroy complement. 
It was of interest to determine if the reaction 
with the virus preparation and the “normal” 
antibody could be similarly eliminated. Two 
normal sera which fixed complement in the 
presence of virus after they had been heated 
at 56 “C for 20 min. were heated for an ad- 
ditional 20 min. at 60“C and again tested with 
the virus concentrate as antigen. In both 
cases negative tests were now found indicat- 
ing that the normal antibod}'’ had been elim- 
inated by this method. 

The same procedure was next applied to the 
5 immune sera shown in Table II which had 
fi.xed complement in the presence of either 
virus or the “normal” antigen. After they had 
been heated 20 min. at 60°C, they were again 
tested with virus and with the “normal” 
antigen. In 4 of the 6 samples the reaction 
with the "normal” antigen was eliminated 
whereas positive complement fi.xation (titer 
of 20 to 80) was still found with the virus 
concentrate. 

A consideration of the results obtained in 
all the e.vperiments mentioned seemed to 
justif}' the conclusion that complement fi.xa- 

c Knight, C. A., J. Exp. Meet., 1946, 83, 2S1. 
r C3S.-iIs, J., ami I’;ilacios, R., J. Exp. Med., 1941, 
74, 409. 

a Kidd, J. G., .nnd rriodewald, W. K., J. Exp. 
Med., 1942, 70, 543. 
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TABLE V. 


Comparison of Kentralization and Complement-fixation Tests with Homan Sera. 



Serum 

Dilution 

used 

I.D. 50* 

Neutralization 

titeri 

Complejneiil- 

fixation 

titer 

M.K. 

Convalescent 

1:1000 

10 - 7.0 

10^.9 

320 

E.He. 

J J 

1:100 

10 - 9.0 

10 - 7.0 

+ 

D.W. 


» 1 

lO-s.s 

10-c.* 

u 

M.P. 

Fatal case 

i I 

10-10.3 

1(10-8.3 

0 


* 1 I.D. 50 ■= g of virus nitrogen required in a dose of 0.05 ml to infect 50% of animals 
when the dilution of serum given was used. 

t Neutralization titer is defined as grams of virus nitrogen neutralized to the 00% end point 
by 1 ml of undiluted serum. 


itive tests with titers that were comparable 
to those obtained the first time. 

A comparison of the histories of the patients 
failed to show any correlation of positive or 
negative reactions with either age of the pa- 
tient or length of time between onset of the 
disease and the testing of blood samples. The 
demonstration that approximately 45% of 
the group of patients possessed humoral anti- 
bodies that react with Lansing virus em- 
phasizes the importance of this or a closely 
related strain as one responsible for polio- 
myelitis in humans. In the case of the negative 
reactions it is possible either that the in- 
dividuals in question failed to produce humor- 
al antibodies in sufficient concentration to be 
detected or that they may have been infected 
by a poliomyelitis virus immunologically un- 
related to the Lansing strain.® 

As shown in Table IV the samples of con- 
valescent human sera showed a wide range 
in their complement-fixing titers. It was of 
interest to determine if complement-fi.xation 
titer could be correlated with ability to 
neutralize active virus. Neutralization tests 
were accordingly made on four human sera, 
namely the one giving the strongest reaction 
(hl.K,), one showing weak complement-fixa- 
tion (R. He.), and 2 giving no reaction (D. 
W. and M. P.). The tests were set up using 
a 1:100 or a 1:1000 dilution of serum in 
saline with serial dilutions of virus in steps 
of ten from 10"” g nitrogen per ml to 10"® 
g nitrogen per ml. The mixtures were incu- 
bated at 37“ for one-half hour, and 0.05 ml 
of each dilution was injected intracerebrally 

!• Sabin, A. B., ,T. Jm. Med. Jssn.. 1947, IS-I, 
740. 


into each of 5 young cotton rats. The infectiv- 
ity of the mixtures was determined by the 
incidence of poliomyelitis and the amount of 
active virus necessary to infect 50% of the 
animals calculated according to the method 
of Reed and hluench.^® The results which are 
recorded in Table V showed that over a hun- 
dred times as much virus was neutralized by 
serum M. K. (complement-fixation titer 320) 
as by either the weakly positive or the nega- 
tive convalescent sera. Of interest was the 
fact that the sample from the fatal case, M. 
P., neutralized less than one-tenth as much 
virus as the negative convalescent serum. 
These results are, therefore, in agreement, 
with the view that the same antibody was 
involved in complement-fixation and in virus 
neutralization. 

Concluswm. The experiments presented 
above show that complement-fixing antibodies 
can be demonstrated in the blood of rats im- 
munized with formalized Lansing virus, in 
convalescent monkey serum, and in some con- 
valescent human sera when concentrated 
Lansing virus from cotton rats is used as 
antigen. The results with rat sera are compli- 
cated by the presence of antibodies against 
components of normal brain and spinal cord 
in both immune and normal animals, but the 
evidence indicates that the primary reaction 
with immune sera is between antibody and 
virus. Immunization as a result of injection 
of formalized virus is, therefore, associated 
with the production of serologically detectable 
antibodies to active virus. The experiments 
Ihe convalescent monkey and human 

lOEccfi. L. .T., and Mueneb, H., .4 m. J. 
3938,27,493. 
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, . TABLE IV. 

Coinplemwit-fixation Tests on Humau Couvaleseeiit Sera with Concentrated Laiising Virus and Xormal 
Cotton Bat Tissue Antigen. 




Date of 

Name 

Case bistory* 

blood sample 

M.K. 

9 , 23 yr, A.P. 8-1-40 

1-28 

>> 


1 1 


3- 5 

> t 


j.i. 

5 , 10 mo., .-V.P, 7-20-40 

1-2S 
• > 

3-5 
> » 

j.ji. 

s , 28 yr, A.P. 10-11-46 

1-28 

• t 

3- 5 

B.lle. 

S , 33 yr, A.P. 9-7-40 

1-28 

B.H. 

d , A.P. 8-40 

> / 

S.McI. 

9 , 4 vr, A.P. S-13-40 

J f 

N.K. 

9 , 28 yr, A.P. S-lG-46 

i f 

F.O 'C. 

20 yr, A.P. 9-16-46 

f> 

NAV. 

d , 21 yr, A.P. 0-5-46 


D.W. 

9 , 4 yr, bulbo-spinal 



poliomyelitis, 10-1-46 

} J 

F.C. 

d , 10 yr, A.P. 7-15-46 

Jf 

O.J. 

d , 26 yr, A.P. 7-15-46 

>9 

«.H. 

d, 6 yr,A.P. 9-1-46 


M.P. 

d , 7 yr acute polio- 
myelitis 2-4-47, 

2-4 


e.xpirod 2-5-47 

11 


Serum dilution, 1: Serum 

Autigont 0 2 i 8 Ki 32 G4 Control Titer 


Virus 

1 » 


4 

4 

4 

4 

4 

4 

1 0 
f> 

0 

0 

>]«ll 

320 

Normal 


0 

0 

0 

0 

0 

0 

0 

Virus 

4 

4 

4 

4 

4 

3 

0 

320 

Normal 

0 

0 

-+■ 

0 

0 

0 

' 0 

0 

Vii-u-s 

2 

4 

4 

4 

o 

0 

0 

160 

Normal 

0 

0 

0 

0 

0 

0 

0 

0 

Virus 

1 

3 

3 

1 

0 

0 

0 

40 

Normal 

0 

0 

0 

0 

0 

0 

0 

0 

Virus 

o 

4 

4 

o 

-4- 

0 

0 

so 

Norma] 

0 

0 

0 

0 

0 

0 

0 

0 

Virus 

1 

o 

o 

1 

0 

0 

0 

40 

Normal 

0 

0 

0 

0 

0 

0 

0 

0 

Vims 

1 

1 

1 

1 

1 

■+■ 

0 

+ 

Si 

1 

1 

1 

1 



0 

4* 

> » 

“f- 

± 

-+• 



-f- 

0 

0 

» y 

0 

0 

0 

0 

0 

0 

0 

0 

y » 

0 

0 

0 

0 

o' 

0 

0 

0 

1 y 

0 

0 

0 

0 

0 

0 

0 

0 

♦ 1 

0 

0 

0 

0 

0 

0 

0 

0 

* * 

0 

0 

0 

0 

0 

0 

0 

0 

• 3 

-+- 





-4- 

0 

0 

ion 

1 




<( 


(1 

80 

1 1 

0 

0 

0 

0 

0 

0 

0 

0 

96-r-S 

Noruial 

0 

0 

0 

0 

0 

0 

0 

0 


* A.P. = Anterior poliomyelitis. 

f The virus preparation used, veith the e.vceptions stated, was 91-2-4; tlic normal cotton rat antigen 
was the same as that described in the text. 


tion had been demonstrated between virus 
and its antibody. Hoivever, unequivocal proof 
ivas provided ivhen sera from a Lansing con- 
valescent rhesus monkey and from 13 con- 
valescent human casest were e.vamined for 
complement-fi.ving antibodies with concentrat- 
ed Lansing virus and with the normal brain 
and spinal cord concentrate from cotton rats. 

Blood was obtained from the monkey 3 
weeks after it developed a partial paralysis 
following intracerebral inoculation with Lans- 
ing virus. The serum fixed complement when 
concentrated virus was used as antigen, giv- 
ing a titer of 320. No fixation occurred when 
the concentrate from normal rat tissue ivas 
used as antigen, and sera from 6 normal 


t The samples of raonker blood were kindly pro- 
vided tbrougli the cooperation of Professor E. W. 
Schultz and Dr. S. C. Wiiite and the human con- 
valescent sera by Drs. H. K. Faber, L. A. Luz, and 
B. D. Cutter. 


monkeys were negative against both the virus 
and the antigen from normal rat tissues. 

The results with 13 recent human conva- 
lescent sera and with that from a fatal case 
are recorded in Table In those cases where 
positive complement-fi.xation was found, the 
tests were repeated several times with es- 
sentially' identical results. Six of the 14 sera 
were positive, giving titers that ranged up to 
320, seven were negative as was also that 
from the fatal case obtained the same day 
final diagnosis was made. In the positive tests 
there was no question about complement- 
fi.xation with a normal brain protein impurity' 
in the concentrated virus since negative results 
were found w'hen the preparation from normal 
rat tissues was used as antigen. 

Second samples of blood from three subjects 
giving high titers were ree.xaniined about 5 
weeks after the first samples had been tested. 
•As shown in Table IV. these again gave pos- 
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Tail lleaC 

Fig. 1. 

Rat No. 32, right S’dr, liotorc Pyril)i*u7.aimiu\ Tail: liiilia iiih plus saline, lloaii: 
India ink plus liyjilunmidasc. 

Note; Dark spot upper eenter is due to the subsequent in.iection of Pyribenzaniine. 


is somewhat uncertain. Cullumbine* has in- 
vestigated the influence of antihistaminic sub- 
stances on the action of leukotasine; he 
could not detect any anti-inflammatory ac- 
tivity. 

On the other hand, various inflammatory 
processes produced by strongly invasive 
micro-organisms have been associated svith 
the release, from these organisms, of a specifle 
enzj'me. namely hyaluronidase ( Duran- Rcy- 
nals^). So far, verj- little is known concerning 
the role which this enzyme plays in non- 
bacterial inflammations of the skin. Since 
relatively large concentrations of hyaluroni- 
dase occur in the normal skin, this may indi- 
cate a more general function. (Meyer ct 
Meyer”) Certain of the observations de- 
scribed below indicate that hy-aluronidase 
may be associated with certain phases of 
skin inflammations, especially of allergic 
non-bacteriai nature. 


We have directed our investigations in this 
direction and have studied the influence of 
Pyribenzamine and antistine upon the activity 
of h3’aluronidase both as a spreading factor 
and as a possible factor responsible for al- 
lergic inflaitrmation of the skin. 

Experimental. A. Spreading of Indio ink in 
rats. The effect of Pyribenzamine and anti- 
stine upon the diffusion of India ink in the 
skin of albino rats in the presence and ab- 
sence of hj-aluronidase was investigated ac- 
cording to the method described by Duran- 
Reynals^ and Cahen and Granier.'- One hun- 
dred and twenty male and female rats, each 

s Cullunibinc, 11., Xaturc, 1047, 159, S41. 

5 Duraii-Reyiinis, F., Jinct. Ilcv., 1940, 0, 197. 

10 Meyer, IC., CTi.uffcc, E., Hobby, G. L., and 
D.awson, il. H., J. F.rp. ilcd., 1941, 73, 309, 

11 Meyer, K., PhysioJ. Pcv., 1947, 27, 335. 

mCabcn, E. L., and Gr.anier, M,, Tnlc J. Siol. 

ond Mfd., 1944, 10, 257. 



m 


HyAtUEONIDASE AND ANTIHISTAMINICS 


sera provide definite proof that positive com- 
plement fixation can be demonstrated when 
concentrated Lansing virus prepared as de- 
scribed- is used as the -antigen. These latter 


results further support the importance of the 
Lansing virus or an antigenicaliy related strain 
as ore responsible for the human disease. 


16101 

Influence of Pyribenzamine and -Amtistine upon the Action of 

Hyaluronidase. 


R. L. Mayer and F. C. Kull. 

From the Mesearch Laboratories, Cilia Pliannaeciitical Products, Inc., Summit, F. J. 


It is the general belief that the antiana- 
phylactic and anti-allergic properties of Pyri- 
benzamine and similar substances are due 
primarily to their ability to nullif}^ the patho- 
logic effects of histamine. This belief is based 
upon the following premises: First, that the 
S3'mptoms of anaphylaxis and certain allergic 
diseases are produced by histamine, which is 
teleased during the antigen-antibody reaction; 
and secondly, that the most outstanding prop- 
erty of Pyribenzamine and related substances 
is their antihistaminic power (Mayer, Huttrer 
and Scholz,^ Mayer^). 

Many clinical observations on the activity 
of PjTibenzamine and similar substances in 
various forms of allergic manifestations ap- 
pear to sustain this explanation. The effective- 
ness of antihistaminic therapy depends in a 
large measure upon the type of allergy against 
which it is used, and antihistaminics are most 
effective in conditions in which histamine re- 
lease is suggested by e.xperimental findings, 
namely in anaphyla.xis, serum disease, urti- 
caria or hay fever. On the other hand, if the 
activity of these substances is due solely to the 
inhibition of histamine, then they should be 
ineffective in allergic dermatitis or eczema, 
since none of the clinical s5-mptoms of con- 
tact dermatitis or eczema appear to have any 
resemblance to the known histamine symp- 
toms. To date, all attempts to produce these 
forms of skin reactions by the administration 


a P., and Seliolz, C. R., 

ieiicc, 

: Mayer, R. L-, AJlers!/, 194G, 1., lo3. 


of histamine have been unsuccessful. 

But in spite of these facts, there are num- 
erous clinical reports citing the effectiveness of 
the various antihistaminics in contact derma- 
titis and atopic eczema (Feinberg,-'* ChoboF), 
and one of us has shown that Pyribenzamine 
exerts a considerable prophylactic activity in 
e.xperimental contact dermatitis of guinea pigs 
(Ma^-er'''’’). Since the effectiveness in these 
epidermal sensitizations is difficult to explain 
on the basis of inhibition of histamine, it 
appears more likely that antihistaminic sub- 
stances act in these cases by virtue of a 
pharmacodynamic property different from 
their action upon proven histamine effects. 
All antihistaminic substances developed thus 
far possess, in addition to their antihistaminic 
power, various degrees of antispasmodic and 
local anesthetic activities. It is possible that 
the curative effect in dermatitis and eczema 
maj' be e-vplained as being due to the local 
anesthetic property, although several obsen'a- 
tions contradict this view. 

Recent investigations on the mechanism of 
epidermal inflammations due to the action of 
chemical or ph.vsical influences have pointed 
to the importance of certain amines, other 
than histamine, and of substances such as 
ieukota.xine, pyrexin and necrosin (Menkin'J. 
.Although the significance of these substances 

3 Feinberg, S. M., J. A. M. A., 1040, 1S2, 702. 

■* Cliobot, B., J. Allcrgij, 19iT, 18, 76. 

5 Mayer, B. L., J. Invest. Dermal., 1947, 8, 07. 
c M.ayer, B. L., Ann. Allergy, 1947, 5, 113, 

7 Menkin, V., Arch. Path., 1946, 41, 376. 
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Tail Head 

Fio. 1. 

Rat No. 32, rigid S'dc, Ijeforc Rvril)C-n7.aiiui)p. Tail: India ini; pins s:iliiie. Hf.-id: 
India ink plus 1%' Iiyaiuranidaso. 

Xnto; Dark spot upper center is due to tlic subsequent injection of Pyribenzamino. 


is somewhat uncertain. Cullumbine* has in- 
vesti.sated the influence of antihistaminic sub- 
stances on the action of leukotaxine; he 
could not detect any anti-inflammatory ac- 
tivity. 

On the other hand, various inflammatory 
processes produced by strongly invasive 
micro-organisms have been associated with 
the release, from these organisms, of a specific 
enzj’me. namely hyaluronidase ( Duran- Rey- 
nals^). So far, very little is known concerning 
the role svhich this enzyme plays in non- 
bacterial inflammations of the skin. Since 
relatively large concentrations of hyaluroni- 
dase occur in the normal skin, this may indi- 
cate a more general function. (Meyer ct al.}" 
Meyer”) Certain of the observations de- 
scribed below indicate that hj'aluronidase 
may be associated with certain phases of 
skin inflammations, especially of allergic 
non-bacterial nature. 


We have directed our investigations in this 
direction and have studied the influence of 
Pyribenzamine and antistine upon the activity 
of hyaluronidase both as a spreading factor 
and as a possible factor responsible for al- 
lergic inflammation of the skin. 

Experimental. .4. Spreading of India ink in 
rats. The effect of Pyribenzamine and anti- 
stine upon the diffusion of India ink in the 
skin of albino rats in the presence and ab- 
sence of hyaluronidase was investigated ac- 
cording to the method described by Duran- 
Resmals'' ar\d Cahen and Granier.'- One hun- 
dred and twenty male and female rats, each 

s Cullumbinc, 11., A'ntiirc, 194", lot), 841. 

» Dnran-Rcynals, F., J3act. Jtev., 1940, 0, 197. 

10 Meyer, K., Chaffee, E., Hobby, G. L., and 
Dawson, M. H., ,T. Exp. Med., 1941, 73, 309. 

11 Meyer, K., Physiol. J/fv., 1947, 27, 335. 

leCalien, B. L., and Granier, M., Talc J. Slot. 

and Med., 1944, 10, 257. 
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Fig. 2. 


Eat No, 32, left side, after 87.5 mg of Eyribciizamino, Tail; India ink plus saline. 
Head: India ink plus 1% liyaluronidase. 

*■ This photograph has purposely been reversed in order to permit a comparison of 
Fig. 1 and 2. 


weighing between 120 and 220 g, were treated 
simultaneously at 2 sites on the right flank; 
one site being injected intradermally with a 
mixture of 0.05 cc of Higgins India ink and 
0.10 cc physiological saline, and the other 
site with a mixture of 0.05 cc of ink and 0.10 
cc 1% hyaluronidase solution. The hyaluron- 
idase preparation* used in these experiments 
contained 150 turbidit 3 '-reducing units per 
milligram. Twenty hours later the areas were 
outlined in ink, traced on cellophane sheets, 
and measured with a planimeter. 


Having thus determined the in vivo activity 
of the hyaluronidase preparation, the animals 
were subcutaneously injected on the right 
side 24 hours after the India ink injections 
with a solution of Pyribenzamine or antistine 
in doses of 15, 37.5 and 75 mg per kg of body 


E. Sclnvcuk, of the 
Schering Corp., who kindly supplied the m-nterml. 


weight respectively; the highest dose repre- 
senting to ys of the LD“® for rats 
(Mayer et 

Twenty minutes after the administration 
of the antihistaminic, the intraderraal injec- 
tions of India ink plus saline, and India ink 
plus hyaluronidase were repeated on the cor- 
responding areas of the left flank. The areas 
of spreading were measured as outlined above. 

The results of this India ink test, given in 
Table I, show that the antihistaminic sub- 
stances Pi'ribenzamine and antistine strongly 
reduced both the extent of the normal spread- 
ing of injected India ink, as well as the spread 
produced in the presence of hj'aluronidase. 
Doses of 15, 37.5 and 75 mg/kg of Pyrihenz- 
amine restricted the area of spreading pro- 

13 Mayer, E, L., H.ays, H. W., Brousscan, B., 
Mathicson, D., Eeaiuck, B., and Yonkman, F. F., 
J. Lab. Clin. Med., 1946 , 31 , 749 . 
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duced by hyaluronidase by 6%, 21% and 
44% respectively over that of the control 
areas. Similar doses of antistine restricted the 
spreading by 6%,. 20% and 51% respectively. 
Fig. 2 shows the decrease of the hyaluronidase 
spreading effect after injection of 37.5 tng/kg 
j^-ribenzamine, in contrast to the hyalur- 
onidase effect on the same animal before Pyri- 
benzamine treatment, as shown in Fig. 1. 

Morphine sulfate when tested according to 
the method of Cahen and Granier’- in doses 
of 25 and 32 mg/kg, restricted the increase of 
spreading by 46% and 47% respectively. 

B. E§cct of Antihistaminics Upon the Ac- 
tion of Hyaluronidase in Expenmaital Sens- 
itizations. 1, Action of Hyaluronidase upon 
Allergic In^ammation. We sensitized 18 guin- 
ea pigs to paraphenylenediamine by treat- 
ment with 10% paraphenylenediamine oint- 
ment according to a method previously de- 
scribed (Mayer''*) and challenged them 3 
■weeks later with an intradermal injection of 
0.10 ml of 0.75% paraphenylenediamine solu- 
tion. 

The paraphenylenediamine used for the 
challenge was freshly recrystalized and solu- 
tions prepared in the absence of oxygen, in 
order to minimize the formation of oxidation 
products which could destroy the hyaluroni- 
dase. Since the solutions were slightly tinted 
in spite of these precautions, 10% horse serum 
was added immediately before the injections 
as a further precaution, the serum proteins 
combining with and simultaneously reducing 
the small amount of oxidation product pres- 
ent, .Mthough it is known that certain sera 
inhibit the action of hyaluronidase (Mc- 
Clean*'’). Hechter and Scully*'"’ have recently 
shown that serum interferes only after incu- 
bation; in our experiments no significant 
diminution of the spreading effect took place. 

The challenge injections with antigen alone 
and with antigen-hyaluronidase mixtures were 
performed in the same manner as described 
above for the India ink experiments in rat^. 
The areas of inflammation and infiltration. 

l-t Mayer, R. L., Arch. {. Vcrmalol. «. .Syph., 
1931, ion, 2C3. 

i'"! McClc.an, D., .1, Pnth. nnr] Bad.. 1912, 5t, 2S4. 

10 ITccIitcr, O., .anti Scully, E, L., J. Bxp. Hcd., 
1947, SO. 19. 


TABLE I. 

Effect of Pyribenzamino and Antistine upon tbe 
Spre.ading of India Ink in tlie Presence and Absence 
of Hyaluronidase. 

20 rats tested in each experiment. 




Reduction of 

spreading area 

Exp. 

Dosage 

(mg/kg) 

/ 

India ink 
alone 

India ink phis 
byalurondasa 

1 

Pyribenzamino 

15 

% 

14.05 ± 4.21* 

7c 

0.25 -1- 0.39 


37.5 

1S.70 ■+: 5.20 

21.10 -f- 3.77 

3 

75 

47.85 i: 2.53 

43.95 -1- 3.73 

4 

Antistine 

15 

13.55 •+■ 5,73 

11.10 i 4.77 

5 

37.5 

31.75 -t- 5.22 

20.00 ± 4.23 

c 

<0 

28.10 S: 4.99 

37.00 -+- 3,22 


• values represent probable error of the mean. 


varying from 6 mm to 25 mm in diameter, were 
measured and at the same time, the intensity 
of infiltration and redness noted by symbols 
as indicated in Table II. 

The results obtained indicate that hyalu- 
ronidase increases the spread of tbe allergic 
epidermal reaction in sensitized guinea pigs, 
as it increases the spread of India ink in rats. 
The average challenge reaction in sensitized 
animals measured 2.3 mm- when the antigen 
was injected alone, and 16.9 mm** when if was 
combined with hyaluronidase. Simultaneous- 
ly. there was a marked increase in the inten- 
sity of the allergic inflammation which was 
even more significant than the increase in the 
size of the reaction. The intensity increased 
from a reaction to a -j — F-r or -j— b-j— j- 
reaction in the presence of hyaluronidase, in 
spite of the fact that the greater spread, as 
proven by the increased area of inflammation, 
had resulted in a marked dilution of the anti- 
gen concentration at the site of reaction. 

2. Influence of Pyribcnzaminc Upon the 
Hyaluronidase Effect in Allergic Inflamma- 
tions. a. Sensitization to paraphctivlencdi- 
aminc. Twenty-four hours after the spreading 
test was performed these animals received 
15 mgAg Pyribenzamine subcutaneously on 
the same flank. Twenty minutes later they 
were retested on the opposite flank with para- 
phenylenediamine and a paraphenylenedia- 
mine-hyaluronidase horse serum mixture in the 
same manner. Since the challenge reaction is 
in this case an epidermal inflammation of the 
contact dermatitis or tuberculin type, which 
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T^VBLE II. 

Influence of Hyaluronidase on the Challenge Eeaetion in Experimental Epidermal Sensitizations 
to Paraphcnylenediamine (PP) in Guin ea Pigs. 

Average size and intensity of challenge reaction 


Without hyaluronidase With hyaluronidase 

t — , ^ ^ 

Ko. of Size in Intensity of Size in Intensity of 

animals mm- inflammation mm2 inflammation 


Controls 4 0.317 ± 0.124 (+) l.fiO ± 0.14 + 

Sensitized animals 18 2.3 ± 0.74 4" 16-9 ± 0-a2 — | — to -}-+++ 

Signs; (+) to + + + + represent varying degrees of inflammation as measured by the 
intensity of redness and degree of infiltration. 


TABLE ni. 

Influence of Pyribenzamine upon the Allergic Reaction in Guinea Pigs to Paraphenylenediamine 
in Presenso and Absence of Hyaluronidase^ 


Average size and intensity of local challenge reaction 




f 

Without hyaluronidase 

With hyaluronidase 


Ho. of 

Size in 

\ 

Intensity of 

•Size in 

Intensity of 


animals 

jnm2 

inflammation 

mm2 

inflammation 

Controls 

4 

0 

0 

0.75 ± 0.48 

0 

Sensitized animals 

18 

0.27 ± 0.14 

0 

2.7 ±0.54 

(+) 


15 mg per kg body rveight of Pyribenzamine was given twice subcutaneously, namely, 15 to 20 
minutes before and 4% hours after the challenge injection of the antigen. 


develops gradually, reaching a maximum only 
after 12 to 16 hours, an additional dose of 
Pyribenzamine (15 mgAg) was injected 4 y' 2 
hours later. 

The results of this experiment are given in 
Table III. The area of the challenge reaction 
to the antigen alone this time was found to be 
to an average size of 0.27 mm-, against 2.3 
mm- before the Pyribenzamine injection. This 
reaction became even smaller than the un- 
specific, non-allergic reaction to the para- 
phenylenediamine injection in non-sensitized 
control animals. The average size of the chal- 
lenge reaction produced in the presence of 
hyaluronidase was reduced from 16.9 mm- 
to 2.7 mm-, a value close to that observed in 
the animals having received antigen alone 
(Table HI). Thus the pretreatment with 
Pyribenzamine almost completely suppressed 
the allergic reaction regardless of whether the 
antigen was injected with or ndthout hyalu- 


ronidase. 

. 6 SensHhation to 2,4-dmtroohlorobenzenc. 
In a previous study it was sho^m that ^nU- 
WstanSnic substances prevent or diminish the 

eoidermal manifestations oi experimental sen- 
ep dermal 2,4-dinitrochloro- 

sitizations of guinea p'o^ > 


benzene (Mayer*'' ). This type of sensitiza- 
tion differs from that produced by oarapheny- 
lenediamine in the clinical aspect of the chal- 
lenge reaction, as well as in the histological 
changes produced. It was therefore of interest 
to investigate whether the challenge reaction 
in sensitizations to this nitro compound was 
also reinforced by hyaluronidase, as was the 
case in sensitizations to the diamine. 

Ten guinea pigs were sensitized to 2,4-dini- 
trochlorobenzene by intradermal injection of 
0.02 mg of antigen, and after 27 days all 
animals had become strongly allergic to the 
substance. They were then challenged intra- 
dermally with O.I ml containing 0.02 mg of 
antigen alone and with a mixture of 0.02 mg 
of antigen and 0.5 mg of hyaluronidase in a 
similar manner, as described for paraphenyl- 
enediamine. However, in this case no horse 
serum was added to the antigen-hyaluroni- 
dase mixture, since, according to Land- 
steiner’*’ 2,4-dinitrochlorobenzene does not 
react with protein at room temperature. 

In this case, however, hyaluronidase neither 
increased the size nor the intensity of the 

17 1/vandsteiner, K., The Specificity of Serological 
JtcacUoTiSf Cambridge, Mass., 1945. 
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challenge reaction. It is not known yet 
whether this negative result is due to a de- 
struction of hyaluronidase, or to a blocking of 
its action by the nitro compound, or whether 
this type of epidermal sensitization does not 
intrinsically respond to hyaluronidase. 

C. Role of the Local Anesthetic Activity of 
Antiliistaininics._ Pyribenzamine and the 
other antihistaminic substances of similar 
chemical constitution have local anesthetic 
activity equal to or superior to that 
of procaine. It was therefore of interest to 
determine whether a local anesthetic sub- 
stance with low antihistaminic activity, such 
as procaine, influenced the spreading effect of 
hyaluronidase in the same way as Pyribenza- 
mine. 

Twenty rats were tested as outlined above 
and the influence of procaine upon the spread 
of India ink investigated at two different 
levels, namely 75 mg procaine per kg of bodj' 
weight, which corresponded to the highest 
doses of Pyribenzamine used in the earlier 
experiments and 225 mg per kg of body 
weight, representing a 3- fold increase in the 
local anesthetic action. 

Seventy-five mg kg of procaine had no 
significant influence upon the spread of India 
ink either in the absence or presence of hyalu- 
ronidase. With 225 mg per kg procaine, the 
spread of India ink was decreased by 11% 
in the absence of hyaluronidase, and 18% in 
experiments performed in the presence of 
hyaluronidase. The activity of this high con- 
centration of procaine could be due to an 
unspecific cell injury, since it was highly ir- 
ritating locally and produced deep necrosis. 

According to these results, procaine has a 
slight influence upon the normal spread of 
India ink, as well as on the spreading effect of 
hyaluronidase. It is, however, much less 
active than Pyribenzamine or antistine in this 
respect. 

Discussiofu The present e-xperimentation 
was performed to determine (a) whether 
hyaluronidase plays a role in allergic, non- 
bactcrial inflammation of the skin and (b) 
whether antihistaminic substances have an 
anti-hyaluronidase activity. 

The results indicate that hyaluronidase 
markedly influences the epidermal challenge 


reaction in guinea pigs sensitized to para- 
phenylenediamine, its presence increasing the 
size and intensity of inflammation. Further- 
more, the fact that antihistaminic substances 
markedly decrease the effect of hyaluronidase 
upon the spread of India ink and upon the 
allergic reaction to paraphenylenediamine con- 
stitutes, we believe, reasonable indication that 
hyaluronidase does play a role in certain non- 
bacterial, especially allergic inflammation, as 
it does in certain bacterial processes. The 
direct proof for this theorj-, however, is still 
lacking since it has not been shown that 
hyaluronidase is liberated during the allergic 
inflammation of the skin (and other organs) 
and that, if its amount is increased during 
this inflammation, it is etiologically related 
with some phase of the allergic reaction. So far, 
certain technical difficulties have been en- 
countered in the interpretation of experiments 
performed to elucidate this point. 

The present investigation has furthermore 
disclosed that antihistaminic substances such 
as Pyribenzamine and antistine possess, in 
addition to their antihistaminic activity, other 
properties which may permit action in 
various manifestations thus far not associated 
with histamine-release. The strong anti-hyal- 
uronidase effect, which results in a reduction 
of the size as well as the intensity of an 
allergic inflammation, may explain the activity 
of Pyribenzamine and similar substance.s in 
epidermal sensitizations such as eczema, or 
contact dermatitis. It might also explain the 
effect antihistaminics seem to exert in certain 
rheumatic manifestations, where, according to 
Guerra, salicylates act bj- a similar mechan- 
ism. 

It is not yet known whether this anti-hyal- 
uronidase effect is a specific pharmacologic 
property of Pyribenzamine and antistine, 
comparable, for instance, to their specific 
antihistaminic power. It is quite possible that 
the effect is the result of a nonspecific process. 
On the other hand, the local anesthetic power 
may, to a certain extent, be associated with 
this activity — a question which could be 
decided by the use of antihistaminic substances 
devoid of local anesthetic power. 

Conclusions. Experiments are presented 
which show that (a) hyaluronidase increases 
the intensity of allergic skin inflammation of 


398 


Properties of Snake Erythrocyte Nuclei 


TABLE IV. 

Influence of Procnine \ipon the Spreading of Lidia Ink in tiic Presence and Ahsenee of 
Hyaluronidase. 10 rats tested in each experiment. 


Exp. 

Dosage 

(nig/kg) 

Average size of spreading 

Beduetion of spreading area 

IVitliout 

hyaluronidase 

With 

hy.iluronidaso 

Without 

hyaluronidase 

With 

hyaluronidase 






% 

1 

0 

5.92 

8.9 




75 

5.8 

8.4 

3.8 ± 6.4 

5.3 ± 4.5 

2 

0 

6.1 

8.8 




225 

5.3 

7.0 

11.1 ± 3.4 

18.1 ± 3.3 ■ 


the epidermal type and (b) that antihista- 
minic substances such as Pyribenzamine and 
antistine counteract the spreading effect of 
India ink and hyaluronidase, as well as the 


latter’s effect upon the allergic skin inflam- 
mation. The significance of these findings for 
the activity of antihistaminics in epidermal 
sensitizations is discussed. 
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Isolation and Properties of Snake Erythrocyte Nuclei, 


Gilberto G. Villela. 

From the Smsion of Chemistry and Pharmacology, Biochemical Laboratory, 
Instituto Osivaldo Cruz, Bio de Janeiro, Brazil. 


The separation of nuclei from avian ery- 
throcytes has been attempted by Warburg 
and fay Miyake using the freezing and thaw- 
ing technique.^’- However, the nuclei ob- 
tained by tJiis method are not well separated 
and usually agglutinate in a mass. Laskow- 
ski was able to prepare a stable suspension of 
free nuclei of chicken blood using lysolecithin 
in neutral phosphate buffer solution for the 
hemolysis with subsequent washing of the 
nuclei with isotonic saline.^ The poison 
glands of bees were ground with the lecithin 
emulsion which was then incubated for 24 
hours at 37 °C and finally filtered through a 
Berkefeld filter. The lysolecithin so prepared 
was added to the blood and after the hemolpis 
the nuclei were separated by centrifugation. 
This technique yields good preparations but 
the lysolecithin is not easily obtained und er 


' mrake M., kei L Med., im, 4, 247. 
;?askowk-i, M.. PROC. son. Exe. Bmu 
Med., 1942, 49, 354. 


standard conditions. The procurement of the 
bee poison and the time required are disad- 
vantageous conditions when large amounts 
of blood are used for chemical analysis. 

The well known hemolytic action of tyro- 
thricin, an antibiotic obtained from Bacillus 
brevis and commercially available,* has been 
used in our e-xperiments with very satisfactory 
results. Snake erythrocytes after rapid hemo- 
lysis liberate the nuclei which are then washed 
several times in 0.9% saline and 5% citric 
acid solution. Microscopic examination of 
the nuclei suspension shows that they are not 
agglutinated and are almost free from the 
cytoplasm (Fig. I). They are easily stained 
with methylene blue and Giemsa. The nu- 
clei in suspension appear microscopically 
smaller and more compact than in the intact 
erythrocytes. This observation was also re- 
ported by Laskowski for chicken blood prepa- 
rations. 


* Tyrotliricin 29o solution, P-orke, Daris & Co. 
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Fig. 1. 

Left: Nuclei of the erythrocytes of the snake Extdryas hifossatiis 
obtained ■with the tyrothriein hemolytic technique. Right: Blood 
of the same snake stained with Giemsa. X 810. 


Fig. 1 shows a microphotograph of the nu- 
clei of erythrocytes of snake blood suspended 
in 5% citric acid in comparison with the nu- 
clei in the intact erythrocytes stained with 
Giemsa. 

Method. The blood of 2 poisonous and 4 
non-poisonous snakes was studied (Table I). 
It was collected from decapitated snakes di- 
rectly into large test tubes containing 0.5% 
potassium oxalate. The amount obtainable 
(usually 25 to 40 ml) depended upon the size 
of the reptile. After centrifugation the plas- 
ma and leucocytes were pipetted off and dis- 
carded. The erythrocytes were washed sev- 
eral times (5 to 7) ■with 0.9% NaCl solu- 
tion, until the washing -vs’as ■water clear. The 
densely packed cell layer was mixed with 
saline in a stoppered flask to obtain a 5% 
suspension. To 40 ml of the erythrocyte 
suspension 1 ml of the tyrothriein solution 
(20 mg/ml)t was added. The suspension 
was mixed well immediately by inversion of 
the flask, .^fter 10 minutes the hemolyzed 
blood was centrifuged and the whitish mass 
of nuclei washed twice with saline, once with 
3% citric acid, and finally suspended in the 

1 Wc wisli to express our best thanks to Dr. 
Lauro Trabassos, Division of Zoology, Institute 
Oswaldo Cruz, anJ Dr. .\nanias Porto, Institute 
Bolantan, S. Paulo, for the samples of snake 
bloods used in this study. 


citric acid solution. For chemical analysis 
the citric acid treatment -was omitted. The 
suspension of the nuclei was dehydrated with 
95% alcohol in a centrifuge tube and the 
alcohol was evaporated under low pressure 
until a fine white powder was obtained. The 
powder was left over night in a vacuum des- 
iccator and stored in the refrigerator. By 
this technique 74 mg could be prepared from 
5 ml of washed snake erythrocytes. The 
same technique was applied successfully to 
the blood of fowls. 

Results. .Applying the saponin method of 
Dounce and Lan^ to the erythrocytes of some 
snakes we obtained good preparations, but 
the nuclei still showed a layer of stroma. The 
authors cited demonstrated that the nuclei 
from chicken erythrocytes, which are some- 
what yellow in color, contain a xanthophyll 
pigment and probably a flavin. Since the 
plasma of some snakes ( Bothrops, Eudryas ) 
is very rich in riboflavin, as formerly reported 
by us'' it would be of interest to know if the 
nuclei of the erythrocytes ako contain flavins. 
Using both tyrothriein and saponin tech- 
niques, we were unable to detect any’ flai’in 
or carotenoid pigment in any sample exam- 

•» Dounce, A. L., and Lan, T. H., Science, 1943, 
DT, 5S4. 

5 Villela, G. G., and Prado, J. L., J. BioX. Chem., 
1945, 157, C93. 
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TABLE I. 


DL-soxyriboiiueicic Acid Content of ICuelei of tlie Snake Erytlirocytes. 


Oomnioii names 

Scientific names 

No. of 
samples 

Jig of (lesoxyribo- 
nuclei acid in 100 
mg dry nuclei 

Non iioisouous simkcs: 




Limpa-campo 

Evdrgas hifossatus 

• 3 

64 

Giboia 

Boa sp. 

1 

62 

Caninaim 

SpiUotis pMattis 

O 

31 

Boipeva 

Poisonous snakes: 

Xenodon merrimii 

i 

44 

Rattlesnake (Caseavel) 

Croiahis terrificus 

3 

59 

Jararaea 

Brnihrops jararaea 

4 

5(5 

— \ 


ined. The ether extract and the remaining 
nuclei mass showed only a slight white fluo- 
rescence. Thiamin and nicotinamide assays 
on the dry nuclei showed values averaging 
80 and 122 y/g respectively (4 samples ana- 
lyzed). The microbiological methods of 
Sarett and Cheldelin® for thiamin and of 
Krehl, Strong and Elvehjem" for nicotinamide 
were employed. The nuclei assayed were 
only saline- washed. Citric acid-treated nuclei 
are not suitable for analysis by these methods. 

The desoxyribonucleic acid content of the 
nuclei was determined by use of the Dische 
reaction, as adapted by Bounce to permit 
spectrophotometric measurement of the blue 
color.® In a test tube 2 mg of the alcohol- 
dryed nuclei were suspended in O.S ml of dis- 
tilled water and 1.0 ml of the Dische reagent. 
The tubes were immersed in a boiling -water 
bath and 8.5 ml of the blank reagent (sul- 
furic-acetic acid mixture) was added. The 
slight turbidity appearing 1 to 2 minutes 
later was easilj'^ removed by the addition of 
b.l to 0.2 g of celite (Hyflo-supercel) and 
subsequent filtration or centrifugation. The 
clear blue color was measured in a Lumetron 
photocolorimeter using a 530 filter. The 
blank value was subtracted from the un- 
known. To the tube containing the blank 


Y. H., J. Biol. 

KreU,^ Strong, E. M., and Elvehjem, 

C. A., Ind. and Eng. Chem., Anal. Ed., 1943, lo. 


471. 

s Bounce, 


A. L., d. Biol. Chem., 1943, 161, 231. 


were added 1.0 ml of the Dische reagent and 
7.5 ml of the blank reagent (sulfuric-acetic 
mixture) so that the total volume in the blank 
and unknown tubes was 10 ml. The color 
was stable for only 20 minutes and, therefore, 
all the operations had to be run in a short 
time. The values, referred to as desoxjTi- 
bonucleic acid, were calculated from a cali- 
brated curve made with pure sodium desoxy- 
ribonucleate prepared from normal liver nu- 
clei according to a modified Hammarsten 
method and tested both spectrophotometri- 
cally and chemically (N : P ratio = 

The averages obtained for the nuclei of the 
different snake erythrocytes are shown in 
Table I.f 

The percentage of deso.xyribonucleic acid 
found in the nuclei of snakes showed higher 
values than those reported by Bounce for the 
nuclei of chicken erythrocytes and of rat liver 
(about dSfo).-*’® The total lipid content was 
determined only for the nuclei of the snakes 
SpiUotis pnUatxis and Extdryas bijossatus and 
averaged 12.7%. Bounce and Lan reported 
for the chicken the total lipid content of about 
14 %.^ 

Summary. A new technique for the isola- 
tion of the snake erythrocjde nuclei using 
tyrothricin as an hemolytic agent is described. 
Some properties and chemical data are re- 
ported. The desoxyribonucleic acid content 
of the erythrocj'te nuclei for the 6 kinds of 
snakes studied was higher than that reported 
for chicken erythrocytes and liver rat nuclei. 
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Attempted Infection of the Hen and Man with the Sporozoites of 
Plasmodium cathemerium 3H2.^ 

Harry Beckman. 

From ihr Dcportvicnf of Pharmacology, Marquette Vniicrsity School of Medicine, Milicaul:ce. 


Huff and Coulston' reported their inability 
to find crj’ptozoites in canaries inoculated 
H'ith the sporozoites of Plasmodium gallhia- 
ccuvi, a parasite to which the chick is quite 
susceptible, and also their failure to establish 
infections in canaries by the inoculation of 
blood from chickens infected with this or- 
ganism. The present communication deals 
with a reversed e-x-periment, i.c., the attempt 
to infect the chicken with both the sporozoites 
and the trophozoites of a parasite that is high- 
ly virulent in canaries. The organism used in 
these trials was the P. cathemerium 3H2 that 
has been continuously maintained through 
mosquito-canary-mosquito passages in this 
laboratory since February, 1937. In addi- 
tion there will be placed on record here an 
attempt to infect man with this organism, 
which I believe has not previously been re- 
ported. 

First Trial. Using heparin as anticoagu- 
lant. 5 cc of blood was drawn by cardiac 
puncture from each of 3 full-grown white 
Leghorn hens and the plasma obtained after 
pooling the samples. Then 100 Ctilcx pipiens 
mosquitoes that had fed two weeks previously 
on canaries whose blood contained numerous 
gametocytes of P. cathemerium 3H2 were 
stunned in a flask, ground in 2.5 cc of the 
plasma, and washed through 3 layers of gauze 
with another 2.0 cc of plasma; the volume of 
the filtrate was then made up to 5 cc with 
additional plasma. Of this filtrate, 0.1 cc 
(representing the sporozoites from 2 mos- 
quitoes) was immediately injected intramus- 
cularly into each of 4 clean canaries and 0.3 

* This research was supportcil in part by a grant 
from the Tliorapcutic Bescarcti Committee of the 
Council on Pliarmacy and Chemistrr- of tiie Amer- 
ican SIcdical .Association. 

l Ilufr. C. G., and Coulston, F., J. Infect. Dis., 
1P4G, TS, 99. 


cc (6 mosquitoes) intramuscularly into each 
of 4 white Leghorn hens. Plasmodia were 
found in the peripheral blood of the canaries 
on the 7th, 7th, 8th and 9th days, respec- 
tively, but the hens remained negative 
through 17 days. On the 18th day the blood 
drawn by cardiac puncture from each of the 
4 hens was pooled and 0.1 cc injected intra- 
muscularly into each of 4 clean canaries; the 
blood of these birds remained negative 
through 16 days but all 4 birds subsequently 
became infected when challenged by the bites 
of infected mosquitoes. 

Second Trial. Hen blood was obtained as 
in the preceding trial but it was allowed to 
stand after cooling at room temperature for 
one hour before centrifuging to obtain the 
plasma. Thereafter all steps were as in the 
preceding trial and the results were precisely 
the same. 

Third Trial. One hundred infected mos- 
quitoes were ground in 1.0 cc of Locke’s solu- 
tion for 30 seconds and the filtrate made up 
to 1.0 cc with Locke’s solution; 0.2 cc of this 
filtrate was then diluted to 2.0 cc with Locke’s 
solution and 2 hens were each injected intra- 
muscularly with 0.5 cc (5 mosquitoes) of this 
mi.\ture and 2 canaries with 0.1 cc (1 mos- 
quito). Again the same results were ob- 
tained. 

Fourth and Fifth Trials. These were repe- 
titions of the immediately preceding trial, 
with the same results. 

Sixth Trial. In this trial the mosquito- 
Locke filtrate was added to whole canarv 
blood and rotated in the incubator at 41.5°C 
for 2)2 hours before injecting into the hens 
and canaries. The results were the same as 
in all the preceding trials. 

Seventh Trial. On Hay 8, 1947, D.P. and 
H.B. were bitten on the forearm bv mosqui- 
toes infected with P. cathemerium 3112 in the 
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usual way on April 23; D.P. received 11 bites 
and H.B. 17 bites. The first peripheral blood 
smears were examined on May 14 and there- 
after on May 16, 20, 23, 27 and 30; all the 
smears ivere negative. On June 19 (6 weeks 
after the infective bites), S.O cc of blood w’ere 
drawn from each of the subjects, pooled, and 
0.1 cc at once injected into each of 5 canaries. 
The blood of these canaries remained nega- 
tive through 16 da 3 's of smearing, but it sub- 
sequently became positive'affer the usual in- 
cubation period when the” birds were chal- 
lenged by the bites of infected mosquitoes. 

Summary. The sporozoites of P. cathe- 
mcrium 3H2, an organism causing severe in- 
fections in canaries, were injected intramus- 
cularly in large numbers into full-grown barn- 
yard hens. In the respective trials the in- 
jectum consisted of (a)' the gauze filtrate of 
infected mosquitoes ground in fresh hen plas- 
ma; (b) the gauze filtrate of infected mos- 


quitoes ground in hen plasma obtained after 
allowing the drawn blood to stand for one 
hour at room temperature; (c) the gauze fil- 
trate of infected mosquitoes ground in Locke’s 
solution; (d) whole canary blood to which 
was added the gauze filtrate of infected mos- 
quitoes ground in Locke’s solution, the mix- 
ture being incubated at the temperature of 
hen blood for 2J^ hours before using for in- 
jection. None of the injected hens in any of 
the trials became infected and all of the 
canaries injected as controls did become in- 
fected. 

Two human volunteers xvere bitten, respec- 
tivelj'', b}' 1 1 and 1 7 mosquitoes infected with 
P. catJtemerium 3H2; neither of the in- 
dividuals became infected so far as could be 
determined by a study of peripheral blood 
smears and subinoculation of blood into 
canaries. 
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Therapeutic Efficacy in Experimental Syphilis of Eight Daily Injections of 
Penicillin in Beeswax-Peanut Oil.*“ 


Paul D. Rosahn and Boris Gueft. 

From the Laboratories of the New Britain, Conn., General JSospital, and the Department of 
Pathology, Yale University School of Medicine. 


Many methods have been developed to pro- 
long the therapeutic activity of penicillin 
preparations, but the most effective of these 
appears to be the use of calcium penicillin 
in beeswax and peanut oil.^ Romansky- has 
demonstrated that therapeutic penicillin levels 
are maintained in man for approximately 24 
hours follow'ing the single injection of 300,000 
units of calcium penicillin in 4.8% beeswax 


» Tliis report represents work performed under a 
mntract recommended by the Committee on Med- 
ical Eesearcb between the Office of Scientific Re- 
search and Development and the New Britain 

J., and Eittman, G. E., Science, 
M. J., <=• 

England J. Med., ms, iiSS,5S2. 


by weight in peanut oil, contained in 1 cc. 
From a practical standpoint the use of this 
preparation permits active therapy to be car- 
ried out on an ambulatory basis. The ad- 
vantages of such a procedure in the treatment 
of syphilis are obvious. 

The present report summarizes the results 
of an e.xperiment designed to assaj’’ the ef- 
fectiveness of calcium penicillin in beeswax 
and peanut oil in the treatment of experi- 
mental rabbit syphilis, w'hen the calculated 
total dose is administered in 8 daily injec- 
tions. 

Material and Methods. Male rabbits 
weighing from 2.5 to 4.2 kilograms were 
utilized. They were housed in indixudual 
cages and maintained on commercial pellets 
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augmented by a free supply of water. 
The environmental temperature was sta- 
bilized through air-conditioning at a level 
never exceeding 75°F. Bilateral intra- 
testicular inoculations were carried out with 
saline emulsions of active syphilitic orchitic 
material from routine passage animals in- 
fected with the Nichols strain of Tr. palliduni. 
The inoculated animals were then observed 
for the development of orchitis, and dark- 
field examinations were performed when clin- 
ically indicated. Only darkfield positive ani- 
mals were included in the treatment groups. 

Treatment was begun 6 weeks following 
inoculation. .A.!! animals were weighed on 
the day prior to the beginning of treatment 
and the total dosage for each animal was 
calculated on the basis of these weights. The 
total amount of drug was intramuscularly 
injected in 8 equally divided daily injections, 
through the shaved skin of the hind quar- 
ters. The preparation consisted of calcium 
penicillin in 4.Sfo beeswax (by weight) in 
peanut oil, prepared and kindly .supplied to 
U.S by Dr. Harry Eagle. Three dilutions were 
utilized. The first 2 were labelled “Abbott- 
Eagle Lot No. 2” and contained 125 units 
and 1,000 units of calcium penicillin per cc 
respectively. The third contained 8,000 units 
of calcium penicillin per cc and was labelled 
“Squibb.” The Squibb preparation was em- 
ployed only in the highest dosage group, i.c., 
16,000 units per kilo. The .Abbott material 
was used in all other dosages. 

The animals were observed for 4 months 
following the completion of treatment. Dur- 
ing this period frequent clinical examinations 
were conducted and all suspicious lesions 
were examined by darkfield. If positive, the 
animal was considered to be a treatment 
failure and discarded. .At the end of 4 months 
all sur\-iving animals were sacrificed, and the 
aseptically removed popliteal lymph nodes 
from each animal were emulsified with equal 
parts of saline and rabbit serum. The re- 
sulting emulsion prepared from each rabbit 
was then inoculated into each testicle of 2 
normal animals. These were held for 3 
months and obser\-ed by frequent clinical 
examinations. Suspicious lesions were dark- 


fielded. and when this examination was posi- 
tive, the parent animal from whom the in- 
oculated popliteal lymph nodes were secured, 
was deemed to be a treatment failure. .At 
the end of 3 months the surviving transfer 
animals were sacrificed and the sites of in- 
oculation e.xamined by darkfield for the pres- 
ence of treponemes. If these were found, 
the parent animal was considered to be a 
treatment failure. If this final examination 
was negative, the parent animal was listed 
as a treatment success. 

There were 7 groups of treated animals. 
Treatment varied between groups from a total 
dosage of 250 units to 16,000 units per kilo 
of body weight. Two different experiments 
were conducted. The first series of animals 
was inoculated on February 14, 1946, and 
the second on September 6, 1946. The re- 
sults in these 2 series were not significantly 
different. They were therefore combined and 
are reported here as a single ex-periment. 

Resulis. The final results are summarized 
in the accompanying table. It will be noted 
that all of 4 rabbits receiving a total dose of 
250 units per kilo were treatment failures, 
while all of 14 animals receiving 8,000 or 
more units per kilo total dose were treatment 
successes. There is a fairly uniform increase 
in the ratio of successes with increasing dos- 
age. The CD.-,o or the amount of drug re- 
quired to cure 50% of the animals, when 
calculated according to the Reed-Muench^ 
formula, was 1,070 units per kilo. 

Dheussion. Employing the identical meth- 
od of assay, Eagle, Magnuson and Fleisch- 
man’ have reported a CD,-,o of 1,600 units 
per kilo when sodium penicillin in aqueous 
solution was employed, the total dosage hav- 
ing been given in 5 injections per day for 4 
days. Penicillin G, injected everj^ 4 hours for 
24 treatments has been found"' to result in 
a CD.-o of 1,450 and 1,600 units per kilo. 

^Itecd, L. .1., .and Mnencli, VC., Am. J. Uyg., 
1938, 27, 493. 

■* Eagle, n., Magnuson, H. J., and Fleiscliman, 
R., Cuff. Jotins RopJ.-ins IIosp., 1940, 79, lOS. 

Arnold, R. C., Boak, R. A., Carpenter, C. M., 
Qiesner, .\. If., Fleming, IV. L., Gueft, B., Ma- 
honey. .T. F., and Ros.alin, P. B., .-i,,,. ,r. .vpp?,., 
ond Ten. Bi.?., in press. 
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Penicillin in Expehimental Syphilis 


TABLE I. 

Besults of Treatment of Exxmrimental Babbit Syphilis ivitli calcium penicillin in Beeswax and 
Benuut Oil. Total calculated dose given in 8 daily injections. 


No. of 

Total dosage 



Total 

Total 


animals 

unitsAg 

Failed 

Cured 

Failed* 

Cured* 

% cured* 

4 

250 

4 

0 

16 

0 

0 

7 

500 

5 

2 

12 

0 

14 

9 

1000 

0 

4 

7 

6 

46 

9 

2000 

1 

8 

2 

14 

87 

9 

4000 

1 

. 8 

1 

22 

95 

9 

8000 

0 

9 

0 

31 

100 

5 

ICOOO 

0 

5 

0 

36 

100 


* After Beecl and Muench.s 


Our results with 8 daily injections of calcium 
penicillin in beeswax and peanut oil were 
essentially no different from these reported 
for sodium penicillin and for penicillin G. 

Fleming® assayed a commercial preparation 
of penicillin in beeswax and peanut oil in the 
same manner as that reported herein, but his 
schedule employed 16 daily injections instead 
of 8. The CD.-o in his experiment was 1,400 
units per kilo. This value is not significantly 
different from our own findings of 1,070 units 
per kilo, when the two results are compared 
by the method of Behrens^ (difference = 
1.34±;1.07, t = 1.2S). It is apparent that 

■ ■ - t 

0 Fleming, W. L., presented at a symposium, 
Secent Advances in the Investigation of Venereal 
Disease, Washington, D.C., Apr. 17, 1947. 

7 Behrens, E., quoted by Gaddum, J. H., Eeports 
on Biological Standards III. Methods of Biolog- 
ical Assay Depending on a Quantal Besponse, 
Medical Desearch Council, London, Special Beport 
Series, No. 183, 1933, p. 26. 


the total curative dose (CD 30 ) is not signi- 
ficantly altered by increasing the number of 
daih' injections from 8 to 16. This obsert'a- 
tion may have important clinical implications 
in the treatment of human syphilis. 

Summary. Calcium penicillin in beeswax 
and peanut oil was employed to treat groups 
of rabbits infected with Tr. pallidum. The 
calculated total dose based on body weight 
was administered in 8 daily injections. A 
CDjjo of 1,070 units per kilo of body weight 
was observed. This value does not differ 
significantly from a CD50 of 1,400 units per 
kilo reported by Fleming following admin- 
istration of a similar preparation in 16 equal 
daily doses. It was concluded that when cal- 
cium penicillin in beeswax-peanut oil is em- 
ployed in the treatment of rabbit siTihilis, 
increasing the number of daily injections from 
8 to 16 does not alter the total curative dose 

(CDso). 
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A Search for Treponema pallidum in the Lymph Nodes of the Syphilitic 

Mouse.^ 

Boris Gueft. (Introduced by Paul D. Rosahn.) 

From the iMioraiorics of the Few Sritain, Conn., General Bospital, and the Department of 
Pathology, Tale University School of Bedicine. 


In tire course of an investigation of experi- 
mental mouse syphilis, it was found im- 
portant to be certain that all the mice in- 
oculated with syphilis actually became in- 
fected and harbored the Treponema paT 
lidum. As Kolk and Schlossberger^ first 
showed in 1926, symptoms do not appear 
despite an infection which persists through- 
out the life of the mouse. One method of 
ascertaining the presence of infection is to 
subinoculate mouse tissues into rabbit tes- 
ticle. A darkfield positive syphiloma will 
usually develop after 20 to 80 days if the in- 
oculated tissues contained viable Treponema 
pallidum in amounts sufficient to infect. This 
is a cumbersome method and the question 
was raised whether the treponemes might be 
easily found by darkfield search of excised 
node tissue, as the nodes are known to be 
highly virulent. .Mso, Jahnel and Prigge^ 
demonstrated the presence of Treponema 
pallidum in the lymph nodes of the infected 
mouse by using silver impregnation methods. 

Levaditi and Rousset-Chabaud"' examined 
skin biopsies of syphilitic mice impregnated 
by Slroesco’s silver method, to exclude non- 
infected mice from therapy trials. However, 
this method uses fixed tissue and the Trepo- 
nema pallidutn may be confused with the 
Spirillum morsus muris or other spirochetes 
often found in the asymptomatic mice. Two 
observers have reported finding the Trepo- 
nema in nodes by darkfield examination. 

* Tills report represents work performed under a 
contract recommended by the Committee on Itedical 
Itcscarcb between the Ofiice of Scientific Itejc-irch 
and Development and the Xew Britain General 
Hospit.nl. 

l Kollc, W,, and SoldossberKer, 11.. DetitscUc 
Med. irdinsehr., IKO. .TU, l-J-!.'., 

2.Tabncl, F,. and rrigge, 1{., Dcttlsehr Med. 
IVcIiiixchr., 10'’9, i3P4. 


Kato^ was the first in 1931 and Bessemans 
and his co-workers Van Haelst and De hloor 
have repeatedly found and counted the tre- 
ponemes in mouse lymph nodes®’*' after ex- 
tremely laborious searches. 

Kato reported finding the Treponema pal- 
lidum frequently in the iliac nodes of mice 
inoculated intrascrotally one to 40 days pre- 
viously with rabbit chancre tissue. His meth- 
od was to divide the node into 5 fragments, 
emulsify each fragment in a drop of normal 
saline, and search each fragment with the 
darkfield microscope, examining 50 fields 
per fragment, or a total of 250 fields per node. 
His results are given in Table I. 

Van Haelst*’’ found it necessary to examine 
from 500 to 3,000 darkfields of node tissue 
emulsified in such a way as to allow enumera- 
tion of the treponemes seen. He found that 
almost all nodes examined, from 56 to 425 
days after infection, contained visible char- 
acteristic treponemes. Karrenberg'^ attempted 
to repeat Rate's findings and reported failure 
in a very complete review of mouse syphilis. 
He mentioned seeing “spirochetoid” move- 
ments but no treponemes. The apparent ease 
with which Kato found treponemes led to the 
present attempt to use his method. It was 
hoped that examination of an excised mouse 
lymph node would suffice to establish the 
presence of syphilitic infection in the mouse, 
and that rabbit inoculations of control mice 

•tlievaiUti, C.. ainl Rou?srt-Chabau(i, D., Dull, 
•tend, de Mdl. Paris, 1941, 1S4, 17C. 

•* K.ito, X., Dull. Soc. Japan, de .'iiiph., 1931 

0 , 21 . ■ ' 

r> Bcssfmaii;, ana Dc Moor, A., Dull. Soc. 
Franc, de Dinnnt. el Syph., 1937. 4, 4S3. 

‘••Van llaeUt, ,T.. C. D. Soc. dc Dial., 1933, 113, 
1.S33. ' 

■ KartcnbcrR. C. L., Arch. f. Dcrmat. u. Svvh 
1932. Kkl, 3S3. 
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„ , . TABLE I. 

Results Obtained by KatoS in Daikfielding Nodes of Sypliilitie :Mice fioin One to 43 Lavs After 
Infection. 


Days duration 
sypbilitie 
infection 

Treponemes in 

250 darkfields 
per node 

Days duration 
sypbilitie 
infection 

Treponemes in 
250 darkfields 
per node 

1 

0 

23 

O 

2 

3 

24 

() 

3 

0 

25 

O 

4 

19 

26 

4 

5 

0 

27 

5 

G 

0 

28 , 

o 

7 

0 

30 

0 

8 

0 

32 

5 

9 

0 

33 

4 

10 

0 

34 

O 

11 

10 

35 

0 

14 

9 

36 

0 

15 

1 

37 

0 

16 

3 

38 

0 

18 

3 

39 

0 

20 

3 

40 

0 

21 

S 

41 

1 

22 

9 

43 

0 


Total No. of mice, 36; total No. of Positive mice, 20. 


would be only rarely necessary. 

In this experiment, white mice were in- 
oculated subcutaneously or intraperitoneally 
with Nichols rabbit strain of Treponema pal- 
lidum. Each mouse received 0.2 ml of rab- 
bit chancre-emulsion containing more than 
4 active treponemes per darkfield. A con- 
trol rabbit inoculated with 0.5 ml of similar 
virus intratesticularly later developed a char- 
acteristic darkfield positive lesion. 

The mice were kept in an air conditioned 
room at 65-70°F. They were housed in wire 
mesh cages with 4 to 10 mice per cage and 
were fed a proprietary food.f During the 
periods of observation, 45 and 90 days, un- 
equivocal lesions of the mice were not ob- 
served. Forty-five and 90 days after infec- 
tion, groups of mice were sacrificed and vari- 
ous organs from each mouse were emulsified 
in normal saline and inoculated into the tes- 
tes of normal rabbits kept under similar con- 
ditions to the mice. The rabbits were exam- 
ined at least twice weekly for the development 
of testicular lesions. Suspicious lesions were 
punctured and darkfielded. If characteristic 
motile treponemes were seen in the dark field, 
it was considered adequate proof that the 
mouse whose tissues had been subinoculated 
was infected with syphilis. 

f Purina Laboratory Cbo^v. 


.■\t the time these mice were sacrificed, iliac, 
axillary, or popliteal lymph nodes were dis- 
sected out and examined by Kato’s method. 
The node was placed in a sterile petri dish 
and divided into 5 parts with a sharp scalpel. 
Each part was in turn placed in a drop of 
normal saline solution on a clean slide and 
emulsified by crushing and rotary movements 
of the fiat surface of the scalpel blade. A 
cover slip was then placed on this emulsion, 
and 50 darkfields examined. A Spencer dark- 
field microscope with parabaloid condenser 
and built-in light was used. The objective 
was an oil immersion achromat with a nu- 
merical aperture usually of 0.8 being used to- 
gether with a lOx ocular. Three observ'ers 
e.xamined the preparations. These all had 
considerable experience in recognition of the 
living Treponema pallidum by darkfield ex- 
amination. All suspicious treponema-like 
objects were re-examined by the author. 

The results as shown in Table II were com- 
pletely negative. Because these results were 
obtained in an experiment mainly designed 
to study the biology of syphilis in the mouse, 
certain limitations existed which deserv'e dis- 
cussion. 

Actually, of the 36 mice employed, only 
15 animals had darkfield e.xaminations of 
a lymph node with simultaneous injections 
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TABLE n. 

Comparison of the Besults Obtained by Darkfielding S3'pluUtic Mouse Ljinpli Nodes rvitli tlie Besuits 
Obtained by Inoculating Baboit Testes with Mouse Tissues. 


No. of 
mice 

Boute of infection 

Duration of 
infection 

Besults of 
mouse orga'iP 
inoculation into 
rabbit testis 

Besults of 
mouse node 
inoculation into 
rabbit testis 

Darkfield 
study of 
nodet 

5 

Subcutaneous 

45 days 

4/5 Positive 

— 

Negative 

11 

7 y 

45 ” 

— 

11/11 Positive 

}> 

4 

Intraperitoneal 

45 ” 

4/4 Positive 

3/4 ” 

IS 

G 

) 7 

45 ” 

4/6 

— 

S 7 

10 

7 7 

90 ” 

9/10 ” 

— 

JS 


* Either skin, blood, brain, spleen, or node, or a combination of these organs, 
t TTsually iliac node, rarely asdllary or popliteal. 


of Other nodes into rabbit testes. Of these tain the syphilitic virus. From this last state- 
15, none was infected intrascrotally, as Kato ment, it follows that the 33 mice with positive 
had done. Four of these 15 were infected by rabbit subinoculation tests most likely had 
intraperitoneal injection, which is tantamount nodes containing the Treponema pallidum, 
to intrascrotal injections in the mouse, which and that Kato’s procedure of performing dark- 
has free communication between the scrotum fields was inadequate for demonstrating the 
and the peritoneal cavity. It may seem from organism. The existence of an invisible form 
these statements that Kato’s procedure was of the syphilitic virus is not considered in 
not duplicated. However, the important fact this discussion. 

that 14 of the above IS mice had chancrigenic Summary. 1. .Attempts to use dark field 
nodes (for rabbits) suggests that the Trepo- examinations of the lymph nodes of mice as 
nema pallidum was present in the node that proofs of syphilitic infection 45 and 90 days 
was simultaneously darkfielded. In addition, after inoculation have failed, using the meth- 
it is known from the work of many others® od employed successfully by Kato. 
that once any syphilitic mouse organ is shown 2. This failure to find the Treponema pal- 
virulent for rabbit testis, it is extremely likely lidum in lymph nodes by Kato’s method con- 
that lymph nodes of the same mouse also con- firms Karrenberg’s studies. 

_____ 3. More exhaustive methods of searching 

s Gueft, B., and Kosabn, P. D., Am. j, Syph., for the treponeme, such as those of Van 
Goa. an(7 Vcn. Dis., in press. Haelst, appear to be necessary. 
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Canine Epilepsy Caused by Flour Bleached with Nitrogen Trichloride 
(Agene).- I. Experimental Method.^ 

M. L. Silver, S. S. Zevin, R. M. Kahk, and R. E. Johnson. 
(Introduced by A. Earl AValker.) 

From ihe U. S. Army Mcdictil F utrition loboraton/, and Qnurtcrmaster Food and Conlaincr 
Instiiutej Cliicagoj and Ihe Dcpariment of MedtcinCf University of iUinois, Chicago. 


Many resports on canine hysteria have 
stressed the remarkable resemblance of this 
syndrome to human idiopathic epilepsy. The 
ner\mus disorder in dogs is characterized clin- 
ically by irregular “grand mal” seizures, “run- 
ning fits,” ataxia, and “hysterical” states, 
with apparent recovery between attacks. The 
electro-encephalograms of these dogs show a 
cerebral dysrhythmia similar to that of hu- 


United States, rendered that flour convulsant 
to dogs. The toxicit)’' of the wheat fractions 
used in the investigations cited above was 
presumabl}' due to agene treatment (NCI-, 
treatment) f of the flour source, inasmuch as 
untreated wheat fractions showed no to.xicity. 
The purposes of this communication are to 
describe a method of producing consistently 
and rapidly a convulsive disorder in dogs, 


man epilepsy. Because of these common 
features, it seems proper to term the condi- 
tion cattine epilepsy. 

A dietary etiology of this disease has been 
proposed by various investigators, e.g., gliadin 
toxicity,^ l3'sine deficiency from wheat flour 
diet- and wheat gluten flour toxicity .*■■* This 
etiology is supported and e.xplained by the 
crucial experiment of hlellanby.® He showed 
that the treatment of flour with agene gas, 
i.e., nitrogen trichloride (NCI3), a process 
used on approximately 90% of the white 
wheat flour milled in both England and the 


*We nre indebted to the following: Messrs. 
T. Soloski, J. Cryns, C. MeWilUams, and Miss A. 
Felsher of the Cereal and Baked Products Branch 
of the Food and Container Institute for baking 
the diets used in tliis investigation; Messrs. S. 
Bishov, M. AVolf, M. Kolland, and Miss M. Graham 
of tlie Chemistry Division for aid in fractionating 
the flour and chemical analyses; T/5 Ellis O. Jones 
for technical assistance. 

1 Melniek, D., and Coivgill, G. R., J. Nvtrition, 


1937, 14, 401. 

2 Aj-nold, A., and Elvehjem, C. A.. J. Am. Vet. 
Med. Assn., 1939, 93, 303. 

3 Wagner, J. E., and Elvehjem, C. A., J. Xiitri- 


iion, 1944, 28, 431. 

4 Newell, G. IV., Erickson, T. C., Gilson, W. E., 
and Elvehjem, C. A., Pnoc. Soc. Exp. Bioi,. Asn 


and to delimit the toxic principle. 

Method. A diet having a high flour com- 
ponent was prepared. The control ration, 
including supplementation with accessory 
food substances, and the actual analj'sis of 
this diet, is given below. 

The diet, with water added, was baked into 
biscuits at 395 °F for 30 minutes. The bis- 
cuits were canned and pasteurized after seal- 
ing. The analysis shown in Table I was made 
of these biscuits 2 weeks after baking. 

The e.xperimental ration was identical ex- 
cept that the flour component was heavilj' 
treated with agene. This was done in a 
bleaching unit in which the gas is generated 
bj'- the interaction between chlorine gas and 
1 % ammonium chloride solution at a pH of 
3.0. The NCI.-J gas thus formed was blown 
over the flour by means of an air stream, 
and was applied as a 1% solution of NCI3 
in air saturated with water vapor. Agene 
gas was used as the bleaching agent for all 
experimental flour samples, in a concentration 
of 30 g per 100 lb of flour, this value being 
determined controlling the amount of 
chlorine gas av'ailable for reaction. No at- 
tempt was made to determine how much of 
the NCI3 gas evolved had reacted with the 
flour. 


Med., 1947, C3, 115. 

5 MeDanby, E., Brit. 


Med. J., 194(>, Dec. 14, Xo. 


4484, 885. 


f The word “njErf'iio’* is used tliroij^ghout inter- 
changeably with nitrogen trichloride gas, XC1;{. 
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TABLE I. 

Biisit Diet Esed in Proaneing Canine Epilepsy. 



Composition 

% 


.Analysis 

% 

Casein 

5 

Protein 

17.5 

Liver powder 

5 

Carboliydrate 

65 

S.olts IV 

4 

F.at 

5 

.Sucrose 

6 

Ash 

4 

Corn oil 

5 

Jfoisture 

S.5 

Flour 

75 




100 


100 


Supplementation 



mg/kilo 


mg /kilo 

Tliiainine 

5,G 

Thiamine 

4.3 

Biboflavin 

5.0 

Biboflavin 

10 

Pvridoxine 

4 



Niacin 

GO 

Niacin 

94 

Pantothenic acid 

15 



Para amino benzoic acid 

15 



Inositol 

15 



Ascorbic acid 

80 

Ascorbic acid 

120 

Halivcr oil 

500 



a-toeoplierol 

100 




Rcsiilfs. When the control ration was fed 
to dogs of 5 to 10 kg weight, in quantities 
of 250 to 300 g per day, they gained weight, 
had a good appetite, and showed no symptoms 
of neurologic disorder or deficiency disease 
in the periods up to 45 days during which 
they were observed. 

When the experimental diet (bleached 
flour) was fed to dogs, regardless of age, sex 
or the breed used, all the animals developed 
convulsions within 5 days, together with 
marked behavior disturbances and an ataxic 
gait. The electroencephalogram showed 
marked abnormalities, appearing between the 
2ncl and 3rd day of the experimental diet. 
No changes appeared after 45 days on the 
control diet. In all, 24 dogs were fed the 
experimental diet, and all 24 dogs developed 
canine epilepsy. 

The wheat Hour was fractionated after 
trials with numerous fat solvents showed that 
Bloor's mixture (75% anhydrous ethyl alco- 
hol. 255c di-ethyl ether) was most satisfac- 
tory. By repeated e.xtractions, it was pos- 
sible to remove 1.45c fat from a straight 
grade of hard red winter wheat, the flour 
thus obtained containing less than O.I55c of 
fat by analysis. The solvent was removed 
from the fat at lOO’C and a pressure of 20 
mm Hg with a counter current of nitrogen. 


and both fat free flour and fat, were treated 
with agene. Feeding e.xperiments showed 
that the toxicity remained unimpaired in the 
flour fraction, while the fat (although it be- 
came dark and rancid) did not prove toxic 
to test animals. Separation of gluten from 
the fat free flour showed that convulsive 
activity was retained in the protein fraction. 
Further confirmation of the relation between 
toxicity and the protein fraction is offered 
bj' the fact that casein treated with agene 
proved convulsant to 4 dogs. 

The extraction of fat is emphasized, be- 
cause commercially produced gluten has the 
lipid so firmly bound that it is not fully ex- 
tractable at this stage. Hard red winter, 
hard red spring, and soft red spring wheat 
of clear, straight and patent grades all pro- 
duced convulsions after treatment with agene 
although straight grade (so-called “family- 
grade") of hard red winter wheat was used 
in most of these e.xperimenfs. 

Monkeys were also used. The control diet 
seemed adequate to maintain nutrition in 6 
monkeys for 3 weeks. The experimental diet 
did not produce convulsions, but the mon- 
keys developed a tremor of the extremities 
and "weakness of the hind limbs, within 5 davs 
after changing to Uic e.\-perimental diet. This 
syndrome persisted 6 weeks later. 
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Canine Epilepsy Caused by Flour Bleached with Nitrogen Trichloride 
(Agene). II. Role of Amino Acids.* 

M. L. Silver, E. P. Monahan, and J. R. Klein. 


From the V. S. Army Medical Mvirition Ijobt 
Biological Chemistry, University of Illinois 

Institute, 

Epilepsy in dogs fed bleached flour is at- 
tributable to the toxic effect of wheat pro- 
teins modified by nitrogen trichloride.^-- The 
heat stability of the toxic material, its pres- 
ence in agenized gliadin and casein, and the 
rapid onset of symptoms- suggest that the 
toxicity resides in a relatively small mole- 
cule, possibly an altered amino acid. Thus 
it seemed advisable to test amino acids 
treated with nitrogen trichloride for convul- 
sant properties. 

The results of such tests in control and 
epileptic dogs are reported in the present 
work, changes in electroencephalographic pat- 
tern being used as a measure of convulsant 
activity. The electroencephalograms of the 
epileptic dogs prior to administration of 
amino acids also provide further insight into 
the syndrome. 

Method. A mixture of synthetic amino 
acids was prepared to resemble the composi- 
tion of gliadin. One-half of this amino acid 
mixture was kept as a control, and the other 
half was “bleached,” i.e., treated rvith agene 
(NCI3) in the same manner as the flour.- 
The mixed amino acids were exposed for 10 
minutes to 1% NCI3 in air saturated with 
water vapor. No analysis for lost excess gas 
was performed. 3.3% solutions of the amino 

* The bleaching equipment w.as supplied through 
the kindness of the tVallaco and Tiernan Company, 
Chicago. The synthetic .amino acids and /3-cry- 
throidine -were supplied through the kindness of 
Merck and Co., courtesy of Dr. J. M. Carlisle. 

1 Mellanby, B., Brit. Med. J., 1940, Dec. 14, No. 
4484, 885. 

2 Silver, M. D., Zevin, S. S., and Johnson, R. E., 
Proc. Soc. Exp. Biol, axb Meb., 1947, 00, 408. 


oratory, and the Departments of Psychiatry and 
College of Medicine, Illinois Meuropsyehiatric 
Chicago, III. 

acid mixtures were prepared by adjusting 
aqueous suspension to pH 10 with lOiV 
NaOH, and then adjusting the pH to S.5 
with concentrated HCl. They were then used 
for intravenous injection. 

Dogs were prepared under vinyl ether for 
artificial respiration, and for intravenous in- 
fusion via the femoral vein. The electrical 
activity of the brain and the electrocardio- 
gram were recorded by means of Grass am- 
plifiers and inkwriters. Paralysis was in- 
itiated by the intravenous injection of 25 
mg dihydro-^-erythroidine hydrobromide and 
maintained by infusion of the erythroidine 
(1 mg per ml in 0.156 M sodium chloride). 
Under artificial respiration, the vinyl ether 
was rapidly eliminated and within IS minutes 
the electroencephalogram resembled that of 
the intact animal. The dog was now avail- 
able for testing the convulsant properties of 
the amino acid mixtures. 

Results. Eight dogs on the experimental 
diet containing agenized flour {i.e., bleached 
flour) for periods up to 2 weeks were used. 
These showed abnormal electroencephalo- 
grams but no seizures during a pre-injection 
period of 1 to 2 hours. The pattern illus- 
trated in Fig. lb is characteristic of all dogs 
on the e.xperimental diet, and resembles that 
reported fay others.® 

Seizures followed the intravenous admini- 
stration of the agene-treated amino acid mix- 
ture in less than S minutes (Fig. Id, e, f). 
The absolute amount of amino acids varied 


a Nowell, G. XV., Erickson, T. C., Gilson, W. E., 
and Elvehjera, C. A., Pitoc. Soc. E.xp. Biol, .vnd 
Med., 1947, CS, 115. 
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Fjc. 1. 

a. Xomal flcclrocuccplialopram of dop on control (unbicaclicil) diet. Tlic upper 
lead is left parietal to pround: the middle lead is ripht parietal to pround; the loner 
lead is ripht parietal to left parietal (bipolar) ; this is con-^tant in all traeinps. 

b, c. Abnormal E.E.G. of dop fed experimental (blenched) diet for three dnys. 
Note resemblance to petit mal activity. 

d, c, f. In same dop as above, continnons record of a grand mal seizure occurring 
less than 5 minutes after the intravenous injection of “bleached” amino acid mixture. 
In small figure at lower left, voltage calibration is 200 ^V, time c.alibr.ation is 1 second. 
Each frame is ten .'ceonds. 
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from 0.2 to 1.5 g. The injection of control 
- untreated amino acids was ineffective in 4 
dogs even after the injection of 20 g in 120 
minutes. 

In 12 dogs which were on the control diet 
containing untreated flour (i.e., unbleached 
flour), the intravenous administration of the 
agene-treated amino acid mixture was fol- 
lowed by seizure patterns in the electroen- 
cephalogram of 4 dogs, marked abnormal- 
ities in 3 dogs, and no significant change in 
5 dogs. In the animals with abnormal 
E.E.G.’s produced by intravenously admin- 
istered agenized amino acids, the intracis- 
ternal injection of 1 to 2 cc of the NCI3- 
treated amino acid mixture was followed by 
seizures within 5 minutes after injection. 

Experiments have been conducted with in- 
dividual amino acids treated in their crystal- 
line states and the results have been negative 


for. arginine, glutamic acid, glycine, histidine, 
lysine, methionine, tryptophane and tyrosine: 
equivocal for proline, serine, and aspartic 
.acid; and positive for cysteine hydrochloride. 
A possibility that should not be overlooked 
is that the toxic compound in foodstuffs' may 
be an altered polypeptide. 

Summary. When an amino acid mixture ap- 
proximating the composition of gliadin is 
treated with nitrogen trichloride gas (NCU) 
this mixture is so altered as to make it con- 
vulsant for dogs when given intravenously. 
The convulsant activity is most readily demon- 
strated in dogs which have been on a bleached 
(agenized) flour diet for S to 7 days, presum- 
ably because these animals have accumulated 
sufficient quantity of the toxic material v/a the 
alimentary tract, to make them highly suscep- 
tible to an additional increment. received via 
the blood stream. 
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Adrenal Cortical Activity in Urine of Horses. 

Edivin a. Risley, Ann B. Schultz, William B. Raymond, and Richard H. Barnes. 

From the Department of Diorhcniistri/, Medical Research Division, Sharp and Dohme, Inc., 

Glenolden, Fa. 


The presence of a substance in urine that 
protects adrenalectomized rats from the stress 
of cold was first noted by Anderson, Hay- 
maker and Joseph^ and Weil and Browne." 
More extensive investigations have shown 
that extracts of urine from normal human 
subjects when tested in adrenalectomized rats 

1 Anderson, E., Haymaker, W., and Joseph, M., 
EndocrinoloffP, 193S, 28, 398. 

2 Weil, H., and Hron'nc, J. S. H., Science, 1939, 

00, 443. ■ , , „ 

3 Venning, E. II., Hoffman, M. M., and Browne, 

T S. L., J. Uiof- Ohem., 19-13, 148. 455. 

'rHorn-itt, B. X., and Dorfman, li. I., Science, 

1943, 07, 337. 


cause an elevation of liver glycogen,-'’’^ in- 
creased life maintenance,^’"’ prolongation of 
muscle work performance,'"’ and prevention of 
water intoxication." Although the above 
studies have employed extracts of human 
urine, Selye and Dosne® have reported that 
the urine of large domestic animals contains 
cortin-Iike activity. The purpose of this in- 

** Dorfman, K. I., and Horwitt, B. X., Fed. Proc., 
1943, 2, 60. 

0 Sliiplpy, B, A., Dorfman, It. I., and Ilornitt, 
B. N., .4 m. J. Physiol., 1943, 189, 742. 

7 Schiller, S., and Dorfman, It. I., Endocrinoloyy, 
1943, 33, 402. 

8 Solyc, H., and Dosne, C., Lancet, 1940, 239, 70. 
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TABLE I. 


Liver Glycogen Bcsponse of Horse TJrme Extracts. 


Sample 

No. 

Arg urine 
equiv. 
ce 

Liver glycogen 

r 

Negative 'Urine 

controls extract 

mg/lOO g liver weight 

Percentage 

increase 

% 

Bemarks 



Total extracts. 



B-18 

200 

37 (40)* 

44 (22)* 

-fio 

Normal urine 

38-191 

'fj 

33 (35) 

38 (19) 

+15 

Pregnant mare 

176-10 

. ff 

45 (19) 

53 (10) 

+1S 

yy >9 



Ketonic fraction 



38-174 

400 

40 (12) 

80 (9) 

+100 

Normal urine 

38-175-2 

jy 

80 (10) 

90 (10) 

+ 12 

9 9 9 9 

38-187 

250 

130 (15) 

190 (10) 

+ 46 

91 99 

38-191-1 

330 

30 (20) 

100 (15) 

+230 

Pregnant mare 

176-5-1 

250 

30 (10) 

SO (10) 

+170 

f1 9 9 



Non-ketonic fraction. 



38-174 

200 

60 (10) 

60 (3) 

0 

Normal horse 

38-175-2 

11 

90 (15) 

60 (9) 

—33 

91 99 

38-187 

1 1 

90 (15) 

50 (9) 

— 

9 9 ft 

38-191 

11 

30 (15) 

30 (9) 

0 

Pregnant mare 


♦ Numbers in parcntlieses refer to number of mice employed. 


vestigation was to assess the concentration 
of cortin-Iike activity in the urine of horses. 

Method, The assay employed was a modi- 
fication of the methods used by Venning, 
ct al.^ and Eggleston, ct ^lale white 

mice of the Swiss-Webster strain from our 
omi stock colony weighing 20-25 g were used. 
.‘Vt least a week before being used the mice 
were placed on a purified diet which con- 
tained 25% protein, 48% carbohydrate, 25% 
fat and 2% salt mixture, “ plus adequate 
vitamin supplements. The animals were 
anesthetized with ether and adrenalectomized 
by the usual lumbar route. Following ad- 
renalectomy they were placed in a warm room 
and given the above diet and 0.9% NaCl in 
place of their usual drinking water. On the 
morning of the fourth postoperative day food 
was removed and each mouse was given 25 
mg glucose orally, and the first of 7 hourly 
injections of the extract under test. One 
hour after the last injection the mice were 
weighed and anesthetized with nembutal. 
The livers were quickly removed, weighed 

Venning, E. II., K.nzmin, V. E., and Bell, J. C., 
Endocrinology, 194G, II8, 79. 

10 Eggleston, N. M.. .Tobnslon, B. .T., and 
Pobrincr, K., Endocrinology, 194G, J?8, 197. 

11 Bossbnrdt, D. K., Cicreszko, L. S., Buffington, 
C., .md Arnow, L. E., Arch. Biochem., 1945, 7, 1. 
l^Good, C. A., Kr.amcr, IT., and Somogvi, M., 

.7. Biol. Chem., 19.1.'!, 100, 4S.5. 


and placed in hot 30% KOH for digestion. 
Glycogen was precipitated with alcohol and 
after hydrolysis, total reducing substances 
were determined by the method of Good, 
Kramer and Somogyi.^- Total liver glycogen 
has been expressed as milligrams of glucose 
per 100 g of liver weight. 

Urine Extracts. Urine was collected under 
toluene and acidified with acetic acid. All 
urines were extracted 3 times with one-quar- 
ter volume of ethylene dichloride or chloro- 
form. usually employing a motor stirrer for 
the extraction. The combined e.xtracts were 
then evaporated almost to dryness imder re- 
duced pressure and taken up in small amounts 
of 95% ethanol and diluted for injection or 
further fractionated by the method described 
by Venning, ct al.^^ 

Results. Table I lists the results obtained 
with 3 different types of extracts. Crude 
urine extracts that were not fractionated are 
referred to as total extracts. The ketonic 
and non-ketonic fractions were obtained by 
the Girards reagent separation procedure.i^ 
Many of the total extracts of horse urine that 
have been prepared in this laboratorj- have 
shown evidence of toxic substances that re- 
.■Julted in a decrease in liver glycogen below 
the level of the negative controls. Dorfman, 

13 Venning, E. H., noflman, M. M., and Bro^v^e, 
.T. S. L., EiKfnrrinofoni/, 1944, 35, 49. 
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et Venning, ct al? have commented on 
this toxic effect found in extracts of human 
urine. Fractionation evidently removes some 
of the toxic activity since glycogen responses 
are higher in the ketonic fraction than in the 
total extracts. As was to be e.xpected no 
evidence of cortin-like activity was found in 
the non-ketonic fractions. 

' As a standard preparation for comparison, 
Wilson’s aqueous adrenal cortical extract has 
been used. Comparing liver glycogen re- 
sponses to Wilson’s extract with the average 
response of the ketonic fraction of the horse 
urine extracts it was calculated that 1 liter 
of normal horse urine contains an equivalent 
of 0.10-0.15 cc of Wilson’s extract and 1 liter 
of pregnant mare urine contains an equivalent 
of 0.30-0.40 cc of this extract. These figures 
compare favorably with results of Dorfman 
et al}'' and Venning et al? on human urine 


extracts but appear to be definitely lower than 
the results reported for horse urine by Selye 
and Dosne.® The quantitative assay of the 
concentration of cortin-like materia! in urine 
is complicated by so many factors that the 
results presented here should be considered 
only as estimations. 

Summary. The presence of cortin-like ac- 
tivity in extracts of horse urine has been 
confirmed. It is estimated that the concentra- 
tion of this active material is appro.ximately 
the same in urine of normal horses and nor- 
mal humans. There is some indication that 
urinary cortin-like activity is increased in 
pregnancy. 

ir Dorfniiiu, B. I., Sliipley, B. A., Scliillcr, S., 
and Horwitt, B. N., Endocrhwloffii, 194C, 38, 1C5. 

15 Dorfman, E. I., Honritt, B. 1C., and Bisli, 
W. B., Scic7icc, 1942, OC, 490. 


16109 


Nutrition of the Mouse. IV. Comparison of Bacterial Population of 
Two Highly Inbred Strains.* 


Lorraine S. Gall, Paul F. Fenton, and George R. Cowgill. 

Frovi the Yale Xutritiou Lahordiory, Dcparimcnt of Phpsiotogical Clirnil.ifri/, Talc Uinvcrait}!, 

Xew Haven, Conn. 


It was shown by Rogers, McElroy and 
CowgilP that the nutritional requirements for 
reproduction and lactation differed for 2 
strains of mice. Fenton and Cowgill- showed 


* .Supported iu part Ly the Nutrition Bescarcli 
Fund of tliis laboratory and in part by a grant 
from tlic American Cancer Society, on recommenda- 
tion of tlic Committee on Gromtli of the National 
Beseareh Council. The early studies were sup- 
ported by grants from the Nutrition Foundation, 
Ine., and the Anna Fuller Fund. 

We wish to achnowledgc gifts of B-coniidcx 
vitamins from itcrek and Company, Inc., 
Hoffmaim-LaHochc, Inc., and Lcderle Laboratories, 
Inc. The technical assistance rendered by Marie 
\ .Stone was greatly appreciated. 

'l Bogers, L. K., MeEIroy, L. W., and Cowgill, 
G. E., Science, 1942, 05, 203. 

a Fenton, P. F., and Cowgill, G. B., .L A ntntion, 

1947, .34, 273. 


the existence of a strain difference with re- 
spect to the riboflavin requirement for growth. 
Unpublished work in this laboratory^ has 
shown that this is also true of the pantothenic 
add requirement. This dissimilarity' of ihe 
nutritional requirements of 2 strains of mice 
may in part be due to different rales of in- 
testinal symthesis of essential nutrients. The 
cecum has been thought to be an important 
site of the synthesis of B vitamins.^’^-"' *'' Man- 

aGnerrant, A’. B., Dutoher, E. A., and Tonicy, 
L. P., J. J3iol. Chon.. 1935, 110, 233. 

Taylor, A., Pennington, D., and Thacker, J., 
V. of Texas Pub., 1942, 42.37, 13.5. 

5 Sehweigerf, B. .S,, itelntirc, .1. M.. Henderson. 
L. Sr., and Elrehjem, C. .V., Arch. Piochem., lS4o, 
G, 403. 

® JIanneriiig, G. .T., Orsini, D., and Elvchjeni, 
C. A., ,r. .YntrifinH, 1944, 28. 141. 
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TABLE I. 


The Weight of the Cecal C-ontents and the Bacterial Count per Gram of Cecal Contents and 
per Cccnm of the 2 Strains of itice. 


Strain 

Diet 

Xo. of 
aiiinials 

ITt of cecal 
contents, g 

Bacterial count 

I' \ 

per g of 

per cecum, cecal contents, 
billions billions 

A strain 

101 

12 

.065 -H .021“ 

1.5 .84 

22.2 ± 11.5 

C57 strain 

101 

12 

.176 -t- .047 

5.11 -t- 2.62 

28.7 -4- 11.5 

Young A strain 

stock 

3 

.386 ± .038 

13.12 - 1 - 3.03 

32.4-4- 4.34 

Young C57 strain 

y y 

3 

.352 -1- .070 

8.39 -(- 1.76 

23.9 -4- 2.1 

Older A strain 

i y 

0 

.417 -+■ .045 

19.86 - 4 - 6.1 

48.0 -4- 16.8 

Older 07,7 strain 

yy 

3 

.406 - 1 - .125 

15.1 -1-5.9 

37.0 -t- 13.4 


* Standard deviation. 


nering c/ alS' worked with rats fed synthetic 
diets containing various carbohydrates and 
state that with certain e.xceptions the ribo- 
flavin found in the feces was related to the 
dry weight of the cecal contents. 

The purpose of this investigation was to 
studj’ the intestinal flora of 2 strains of mice, 
one with characteristically high susceptibility 
to spontaneous mammary tumors (strain A) 
and the other with low susceptibility in this 
respect (strain C.-.v). These two strains were 
chosen because they had been used in pre- 
vious studies in this laboratory. 

Expcrhncittal. The 39 mice used in this 
study had been maintained on one of 2 diets; 
a synthetic ration containing dextrose as the 
carbohydrate without added biotin or folic 
acid (diet 101 as described previously”) or 
a stock ration.! Twelve mice of the C.-.v 
strain (tumor-resistant) and 12 of the A 
strain (tumor-susceptible) ranging in age 
from 2 to 4 months were used after having 
been maintained on the synthetic ration. The 
remainder of the animals had been fed the 
stock diet and fell into 2 age groups, namely. 
2-2.5 months and about 12 months old. The 
mice were sacrificed by etherization and the 
cecal contents removed and weighed. Bac- 
terial counts and cultural work were carried 
out as described in another publication.® 

Results. .\s shown in Table I, the mice of 
the strain on the synthetic diet had smaller 

~ Fonton. P. F.. .niul Cowgill, G. I?.. J. Xiilritioji, 
l!G7, iW, 703. 

i Purina Laiioratory Cliow. 

■^G.nll, L. S.. Fontciii. P. F., .and Cowgill, G. R.. 

Xitfnfion, ill ]>re5s. 


cecal contents than the C:,- mice on the same 
diet. In only one case did the highest value 
given by an .4 strain mouse equal the lowest 
weight obtained from a C.-t animal. The dif- 
ferences in weights of cecal contents between 
these 2 groups was found to be statistical!}- 
highly significant (p < 0.01). The total 
bacterial count per g of cecal contents was 
about the same in both strains. However, 
the effect of the larger cecal contents of the 
black mice was reflected in the greater total 
bacterial population of the cecum of this 
strain when compared to the white animals. 
This difference was also found to be statistic- 
ally highly significant (p < 0.01). 

The results obtained by stud\-ing ‘he Gram 
stains and the cultures isolated from the ceca 
of both strains were similar with respect to 
the occurrence of cocci and Gram-positive 
rods. However, there appeared in the highest 
dilutions of the C .-,7 mice in 10 cases out of 
12 a short Gram-negative, anaerobic rod. This 
tj-pe of organism occurred in only 2 white 
mice out of 12. Coliform organisms were 
encountered slightly more frequently in high 
dilutions of cecal contents of the A strain mice 
(5 out of 12 animals) than in the C .-,7 strain 
(2 out of 12 mice). 

These two strains of mice, when fed a stock 
ration, showed no differences in weights of 
cecal contents and total bacterial population 
per cecum. The lower values shown bv C ,-,7 
mice for bacterial counts per g of cecal con- 
tents and per cecum were not considered si''- 
nificant owing to the wide variation in counts 
and to the small number of animals in each 
series. On microscopic examination of the 
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Gram stain and from cultural results the bac- 
terial flora of the cecum of the older animals 
of both strains seemed to be similar, but there 
was a tendency for the younger black animals 
(C57) to have a more varied flora than was 
shown by the white mice of the same age. 
It is unsafe to draw a general conclusion from 
so small a series of mice, even though this 
difference was observed on all animals. 

In Table I the values for the stock ration 
animals are broken down into groups of young 
and older mice, so that these stock animals 
may be compared with those on diet 101. 
As was pointed out in a previous paper by 
these authors,® the weight of the cecal con- 
tents and the bacterial count per g and per 
cecum were considerably higher in the A 
strain mice on the stock diet than in the A 
strain mice fed a synthetic ration. By in- 
spection of the data in Table I, it is evident 
that even though the black animals fed a 
synthetic diet had greater cecal contents and 
higher bacterial counts per cecum than the 
A strain mice, they still fell short in these 
respects of the C57 animals of the same age 
on the stock diet. 

Discussion. There has been no really satis- 
factory explanation offered for the strain dif- 
ferences in requirement for certain of the B 
vitamins, as manifested fay mice of the C57 
and A strains. (Griineberg'* discussed the 
various anatomical and physiological differ- 
ences in the alimentary tracts of mice of sev- 
eral strains, but there is no mention made of 
any variations in the amount of cecal con- 
tents, or in the size of the cecum. It is there- 
fore of interest to note that in our study a 
significant difference in the weight of the 
cecal contents of 2 strains of mice was found 
when these animals were fed a synthetic diet, 
especially since the A strain mice, which had 
the smaller cecal contents also had a higher 
dietary requirement for certain B vitamins. 

0 Griineberg, Hans, Genetics of the MousCf 1943, 
Cambridge University Press, London, England. 


It 'has been shown®4.s that the cecum is one 
of the sites of bacterial S3'nthesis of B vita- 
mins in the intestinal tracts of rats. For this 
reason it majr well be that the larger bacterial 
population offers an explanation for the lower 
requirements of the C57 strain for certain B 
vitamins. Further support for this theory 
is found in the cultural work done on the 
cecal contents of animals fed this synthetic 
diet in ivhich it was demonstrated that bac- 
teria isolated from top dilutions of these con- 
tents in numbers of 100 million or more per 
gram were able to synthesize some of the B 
vitamins in vitro.^^ 

Summary and Conclusions. 1. Studies were 
made to determine whether there is a differ- 
ence in the w'eight and bacterial population 
of the cecal contents of mice of the C57 
■A strains, which were the same age and re- 
ceived the same diet. 

2. The C57 animals fed a syntheUc diet 
(No. 101) had a significantly greater amount 
of cecal contents and bacterial count per 
cecum than the A strain mice of the same age 
and fed the same diet. Although most of the 
bacterial flora appeared to be the same in the 
2 strains, a Gram-negative, anaerobic rod did 
occur more frequently in the C57 mice than 
in the A strain. 

3. There was no significant difference be- 
tween the black and white mice of the same 
age fed the stock ration w'ith respect to weight 
of cecal contents or bacterial count per cecum. 
The young black mice may have had a more 
diverse flora than the white mice of the same 
age. 

4. It was postulated that this greater weight 
of cecal contents with its higher bacterial 
population in the C37 mice might help to e.x- 
plain the lower B vitamin requirements of 
this strain when comparing it wdth animals 
of the strain, both fed the same sjmthetic 
diet. 

10 Gall, L. S., Ulingwortli, B. A.. Gowgill, G. K., 
.md Pontoji, P. P., J. X^itrition, in press. 
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Spasmolytic Action of Dolophine (Amidone).*" 

John Uchiyama, Anton C. Kirchhof, and Norjian A. David. 
(Introduced by Nilkanth M. Phatak.) 

From the Pharmacotogy laboratory. University of Oregon iiedical School, Portland, Oregon. 


Amidone (6 dimethylainino-4, 4, dipbenyl- 
3'heptanone) is a new synthetic analgesic 
compound related to demerol (Dolantin) 
originally prepared at the I.G. Farben- 
industrie research plant at Hochst am Main 
and first described in this country in the 
U. S. State Department Technical Intelligence 
Team Report.’^ Scott and Chen- reported 
that this agent had marked analgesic prop- 
erties when tested in both dogs and humans 
by the Wolff-Hardy technic as well as a com- 
paratively low toxic/analgesic ratio. Later, 
these workers named the compound “dolo- 
phine” and reported the clinical trial of 4 re- 
lated compounds.® They also found that “dolo- 
phine” possessed about equal spasmolytic ac- 
tion when compared with demerol on isolated 
intestinal strips, Karr^ found decreased propul- 
sive activity of the intestines of rats and rab- 
bits after “dolophine” which was slightly more 
marked than the decrease noted after demerol. 
We have further studied the action of these 
spasmolytic agents on isolated intestinal 
strips and, in addition, have compared their 
effects on the isolated uterine musculature of 
rabbits and rats. 

Mc(/iod. The usual technic for recording 
contractions of isolated muscle strips was 
used. Furfuryl trimethjd ammonium iodide 
(Furmethide)® served as the spasmogenic 

* Supported by a grant from the Lilly Itcscarcli 
Labor.atorics, Eli Lilly .and Company, Indi.anapolis, 
Indiana. Wo arc indebted to Dr. Kolilstaedt and 
Dr. C. C. Clicn for the dolopbine used in tliis study. 

1 Kleidcrcr, E. C., Rico, .T. B., Conquest, V., and 
Williams, .T. II., Report 9S1, Oflice of the Publica- 
tion Board, Department of Commerce, Wasliington, 
D.C. 

2 Scott, C. C., and Chen, K. K., J. P. E. T., 194G, 
87, G3. 

a Scott, C. C., Koblstacdt, K. G., and Clien, K. K., 
Ancsth. nnd AiinlgcA, 1947, 20, 12. 

^ Karr, N. W., Fed. Proc., 1947, 0, 343. 


agent for the rabbit intestinal strips and the 
rat uteri. jMethyl ergonovine (hlethergine)® 
was used to stimulate contraction in rabbit 
uterine strips. Other agents were also used for 
stimulating contraction. 

Results. “Dolophine” and demerol pro- 
duced about the same degree of spasmolysis 
on the isolated rabbit intestine when equal 
concentrations of the drugs were used, with 
concentrations as low as 0.025 rag/SO cc 
(1:2,000,000) being effective. These results 
for demerol agree with other reports.'-®'® 

The contracted rat uterus showed a similar 
relaxation when concentrations of either drug 
as low as 1 ; 2,000,000 were used. Rabbit uteri, 
however, required more “dolophine” than 
demerol for spasmolysis on most trials, the 
least effective concentration being 0.075 mg/- 
50 cc (1:666,666). Normally active smooth 
muscle strips were found to respond irregularly 
to both drugs. 

The pharmacodynamic basis for the spas- 
molytic action of these compounds is not 
fully known. Since “dolophine” lysed spasm 
induced by both musculotropic (Methergine, 
Barium, Pitressin) and neurotropic (Furme- 
thide, Neostigmine, Acetylcholine) spasmo- 
genic agents, its action is probably largely 
musculotropic. In this respect it resembles 
trasentin, which, in addition to a musculo- 
tropic spasmolytic action, shows some local 
anesthetic properties. A recent report®® in- 

G Follows, E. J., and Livingston, E. A., J. P. 
F. T., 1940, 58, 231. 

G Kircliliof, A. C., Raccly, C. A., Wilson, W. M., 
and David, N. A., ITosf. J. Surg., Gnn. and Obs., 
1944, o2, 107. 

7 Yonkman, F. I'., Noth, P. IT., and Ilcclit, H. E., 
Ann. Inf. Med., 1944, 21, 7. 

S Climonko, D. R., Fed. Proc., 1942, 1, 15. 

» Yonkman, F. F., Anc.Ah. and Analqcs., 1944 
23, 207. 

I” Way, E. L., Sricncc, 1945, 101, 5fiG. 
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dicates that demerol, like trasentin, has local 
anesthetic properties and Everett’^ in this 
laboratory has demonstrated that “dolophine” 
produces local anesthesia in the rabbit’s cor- 
nea. Thus, the local anesthetic property, as 
well as musculotropic spasmolysis seems to 
be common to trasentin, demerol and “dolo- 
phine.” 

Everett^ F. G., personal coinmunieation. 


Su7nmary. Isolated strips of rabbit intestine 
and rat and rabbit uteri respond with spasmol- 
ysis when treated with “dolophine” and dem- 
erol when spasm is induced with furmethide 
or Methergine. The ratio of spasmolytic con- 
centration is approximately 1:1 although 
rabbit uteri required slightly more dolophine 
than demerol for spasmob'sis. 
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Induction of Male Copulatory Behavior in the Brown Leghorn Hen,* 
L. V. Domm and Ben B. Blivaiss. 

Trom the Whitman Lahoratory of Experimental Zoology, The University of Chicago. 


Previous e.xperiments have shown that 
daily injections of testosterone propionate 
in poulards^ and pullets- will induce mascu- 
linization of somatic sex characters and be- 
havior. These individuals crowed, became 
combative, and displayed male courtship but 
no copulatory behavior, even though injec- 
tions were continued for periods up to 7 
months. The absence of this phase of behav- 
ior has long baffled investigators in view of 
the ease with which other sexual characters 
may be masculinized in the fowl. Two in- 
cidental cases are recorded®''* in which hens 
revealed male copulatory behavior, although 
neither instance is based on extensive e.xperi- 
mentation. The present experiments, in prog- 
ress for over 4 years, show that inasculine 
copulatory behavior may be induced and 
maintained in some pullets following suc- 


^ Tilts iuvestig.ation was aided l).v a grant from 
tlie Dr. Wallace C. and Clara A. Abliott Memorial 
Fund of Tlie Huivcrsity of Cliicago. Grateful 
actnowledguient is made to Dr. Errvin ScUwenk of 
tlie Sclicring Corporation for the testosterone pro- 
pionate used ill tlieso c-xperiments. 

1 Davis, David E., and Domm, D. V ., Paoc. Soc. 
E-xr. Biol, -wvd Meo., 1941, * S , 6G7; Essays in 
Einiogy, XTnivcrsit.v of Calif. Press., 1943, 1/1. 

sDomm, h. V., Davis, David E., and Blivaiss, 
Ben B., Anat. Ecc., 1942, 84 (Siippl.), 31. 
s Domm, h. X., E Exp. Zool., 1927, '48, 31. 

■i Zitrin. A.. EnAocrinology, 1942, 34, 690. 


cessive implantations of androgen pellets. 

Each of 4 non-laying pullets (A, BW, G, 
and GA) received subcutaneous implantations 
of testosterone propionate pellets (average 
weight, 33.4 mg) when 5 months old and 
subsequently at 84, 164, 244, 337, 425, 530, 
630, and 727 days. Two control pullets 
(B and W) received implantations of choles- 
terol pellets averaging 32.6 mg. Pellet im- 
plantations were repeated upon absorption, 
determined by palpation and comb regression. 
The behavior was tested, generally on alter- 
nate days, by introducing each bird, alone in 
its pen, to a female, to a male, or to a dummy 
female mounted in the squatting, copulatory 
position. 

Experimental pullet A %vas first obseri'ed 
to crow at 34 days, to chase, grab, and at- 
tempt mounting at 95 days, to grab, mount, 
and copulate at 110 (age 262), and to waltz 
and circle at 114 days after the first implant. 
Pullet BW was also first observed to crow 
at 34, chase, grab, and attempt mounting at 
95, mount and copulate at 103 (age 255), and 
waltz and circle at 127 days. A continued 
to copulate for S months, when it died, and 
BW for 8 months after the final implant. 
Courtship activity^ preliminary to copulation, 
never very vigorous, was frequently absent. 
In no instance did they indicate receptivity 
by squatting at the approach of the male. 



Rh Among Indians of Southwest 


419 


The other pullets (G and GA) displayed 
courtship but' no masculine copulatory be- 
havior during the period of observations. 

In the second group, 6 pullets received their 
first pellet at one month and further implants 
(average, 25.9 mg) at 109, 202, 297, 395, 
495, and 592 days thereafter. One bird, G, was 
first observed to crow at 125, chase at 126, 
waltz and circle at 141, and to mount, and 
copulate at 161 days (age 191) after the first 
implant. Sporadic copulations occurred until 
1 1 months after final implantation. The other 
5 birds began to crow and display courtship 
at approximately the same time as G but did 
not mount or copulate. 

In a third group, 8 pullets received pellet 
implantations beginning at 4 days and ad- 
ditional implants (average, 23.2 mg) at 62 
and 172 daj’S. In this group, only one bird 
crowed and another was observed to waltz and 
circle. 

In the fourth group, 6 pullets received the 
first pellet when 3 months old and further 
implants (average, 28.2 mg) at 80, 185, 3i7,t 
and 436 days subsequently. All were known 
to crow and 3 displayed courtship behavior. 
Mo copulations were observed. 

standard trap-nest was kept in all pens 
throughout the e.vperiments. One treading pul- 

1 At tlip time of Hie gccomi, tliird, and fourth 
implnnt.'itions, 3 of the pullets received 2 pellets 
c.noh. The .uver.ngc weight of hnth was 57,1 mg. 


let (A) never laid. It died 871 days after first 
implantation. The other treader (BW) laid 
6 eggs between the 69 th and 80th days fol- 
lowing second implantation, and 3 more after 
a lapse of one year following the last implant. 
During the 4 years of observation the non- 
treading pullet G laid 6 eggs between 57 th 
and 74th days, and G.A only one egg on 79th 
day after second implantation. 

In the second experiment, treading hen 
G, as well as 3 non-treaders, never laid over 
a span of 3 years. One non-treading hen laid 
an egg at 4 months after the first, and 
another la'id one egg at 2 years after the last 
implant. Similar, records of sporadic egg- 
laying were obtained in the other experiments, 
while some controls laid as many as 21 eggs 
per month. 

SwuDitary. Three cases are described from 
4 experimental groups totaling 24 birds, some 
observ'ed for more than 4 years, in which 
single comb brown Leghorn hens displayed 
male copulatory behavior following successive 
implants of testosterone propionate pellets. 
Implantations were begun when birds were 
4 days, and 1, 3, and 5 months old. These 
results contrast with earlier negative findings 
following single daily injections of this hor- 
mone. Induction of copulatory behavior in 
such a small percentage of cases indicates 
the desirability for further study of factors 
controlling this behavior pattern. 
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Incidence of Rb Factor Among the Indians of the Southwest. 

E.vri, B. Gerheim.* (Introduced by John H. Ferguson.) 

;'rom Ihr Dcparlmcrit of P/ii/.tfotofl.v, PniiTr.s'iti/ of Xnrlli Cnmliim .Vrtiool of Mfdiriitc, 

Chaprl mi, y. C. 

findings on the M and X agglutinogens. The 
basis of this report is the Rh factor among the 
above mentioned Indians. 

r Allen. F. \V., .uiul Sclincffer. tV.. Cniv. X. .V<u:. 
Hull. Jiiol. !^rrifs. IJl.T.'i. 4, 2, 

-Allen, F. W .. uud l^irson. H. T)., .7. /mnunfoE, 
lf»37, 32, .301. 


Within the last 1 2 years the Indians of the 
Southwest have been investigated as to the 
occurrence of the various agglutinogens. Allen 
and Schaeffer' reported on the classic blood 
groups, and Allen and Larsen= reported their 

' .tunior Kcsonroli Follnw from tlip Xntional 
In^titutp of UvaUI). 
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- The Indians tested were patients at the 
U. S. Indian Hospital and the Indian School 
Hospital at Albuquerque, New Mexico. Stu- 
dents of the Indian School at Albuquerque 
and the Day School at Isleta were also used 
in this study. The age range was from school 
age to 60 years. 

Lederle’s .Anti-Rh Serum (Anti-Rho) was 
used in this series of tests; this serum is of 
animal origin. Two drops of blood to be 
tested were added to 0.5 cc of physiological 
saline containing 1 % sodium citrate. One 
drop of the cell suspension is placed on a 
clean glass slide. Next to this is placed one 
drop of Anti-Rh Serum. The two are mixed 
with a glass rod and finally b 3 ' tilting the 
slide back and forth once. The slide is placed' 
undisturbed on the table for 3 minutes. At 
the end of this time the slide is picked up and 
given 2 or 3 gentle turns. While continuing 
to hold the slide a gentle motion is maintained 
and the test mixture is examined macro- 
scopically with oblique lighting until the 
end of 6 minutes. Clumping is always visible 
within 6 minutes in positive tests and all 
observations must be terminated in 6 min- 
utes. It is necessary to guard against rapid 
evapwration in dry air; a Petri dish was used 
to cover the slides. Rh-positive and Rh-nega- 
tive controls were run with all tests. 

The census records of the United Pueblo 
Agency at Albuquerque were used to deter- 
mine the racial purity of the Indians con- 
cerned. Table I records the findings of the 
full-blooded (4/4) Indians tested. 

Seven Rh positives were found among In- 
dians other than full bloods (4/4). The range 
of racial purity ran from 2/4 to 15/16. 


TABLE I. 

Incidence of Bh Eactor Among FuU-Blooded (4/4) 
Indians Tested. 


Tribe or Pueblo 

Eh positive 

Eh negative 

Acoma 

52 

0 

Apache 

S 

0 

Cocliiti 

5 

0 

Hopi 

5 

0 

Isleta 

75 

0 

Jeniez 

0 

0 

Laguna 

70 

0 

Navajo 

53 

1 

Sandia 

C 

0 

San Felipe 

22 

0 

San Ildefonso 

1 

0 

San Juan 

G 

0 

Santa Ana 

10 

0 

S.-iUta Clara 

3 

0 

Santo Bomiugo 

19- 

0 

Sia (Zia) 

8 

0 

Taos 

12 

0 

Tesuque 

3 

0 

Tewn 

1 

0 

Zuni 

5 

0 . 

Totals 

385 

1 


In some cases census records were unavail- 
able; there were 55 Indians in this category. 
•All were Rh positive. 

The total findings are 447 Rh positives and 
one Rh negative in the Indians tested. 

Similar results have been obtained by other 
investigators^'^ in testing Indians of North 
America. 

The .nuthor ivislies to express Jiis indebtedness to 
Martin W. PIcek, of tlio Biology Dep-artment .at 
the University of New Me.vico, for bis critical 
suggestions during the progress of this problem, 
and Julia Fritz Gerlieim for her tecbnical 
assistance. 

3 Landstciner, K., Wiener, A. S., and Matson, 
G. A., J. Exp. Med., 1942, 76, 73. 

4 Wiener, A. S., Zepeda, J. P., Sonn, E. B., and 
Polivka, H. B., J. Exp. Med., 1945, 81, 559. 
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Chemistry of Melanin. IV. Electron Micrography of Natural Melanins.'' 

Howam) S. Mason, Herbert Kaheer, Ross C. MacCardle, and Albert J. Dalton. 
From ilie Office of Dermatology, Industrial Sygienc Division, and the national Cancer Institute, 
National Institute of DealtJi, V. S. Public DealtU Service, Dethesda, Md. 


Although natural melanins apparently con- 
sist of insoluble, heterogeneous aggregates'---^ 
a water-soluble melanin-containing pseudo- 
globulin has been separated from pigmented 
tissue.' In this study, we have examined both 
melanin granules and the melano-pseudo- 
globulin W'ith the electron, microscope to 
determine (a) whether melanin consists of 
formed elements or amorphous aggregates, 
(b) whether structure upon the surface of 
and within the granule is discernible, and (c) 
what formal relationship exists between 
melano-pseudoglobulin and the natural pig- 
ment. 

Expcrivtciital and Results. Electron micro- 
graphs were taken at a magnification of 7,600 
diameters tyith a Universal model (R.C.A.) 
electron microscope. Collateral optical micro- 
scopy was carried out with a Zeiss phase con- 
trast microscopet at a magnification of 1085 
diameters. Samples of 50 granules were meas- 
ured to determine size ranges. 

" Melanin granules jrom the S-91 trans- 
plantable tnousc melanoma. Tissue! (4-5 g) 
was ground for 1 5 minutes witli an equal vol- 
ume of sand and of chilled isotonic saline 
buffered with 1% of Sorensen’s phosphates 
to pH 6.9. The mixture was diluted to 150 
ml with cold saline, then centrifuged at 5“ 
as shown in Table I. 

Under the phase contrast microscope the 

• For the last paper in this series, see Mason, 
n. S., I. Diot. C/irm., Jan., IQtS, in press. 

1 Smith, B. T., Unit. Johns Hopl.-ins Dosp., 1925, 
30, 1S5. 

2 ITcrriiiann ami Boss. M. B., J. Cell, niaj Comp. 
Physiol., 1043, 20, 131. 

a Mason, II. S., Ann. N. F. Acad. Sci., in press. 

■> Grccnstcin, J. P., Turner, P. C., .and Jenrette, 
■W. y., J. Nat. Cancer Inst, 1940, 1, 377. 

1 IjO.-)ncd by the Army Air Forces, Wright Field. 

; The tumor material was contributed by Dr. 
Glenn II. Algirc. 


TABBE I. 


Time Force 

(minutes) (S grarity) Sediment Supernatant 


3 

74: 

Fraction 1 

recentrifuged 

15 

74 

1 1 

O 

i 1 

15 

159 

7 1 

3 

1 J 

15 

283 

f > 

4 

}) 

15 

423 

f3 

5 

if 

15 

63G 

if 

0 

fi t 

15 

1130 

ft 

7 

>} 

30 

1130 

f> 

8 

Fraction 0 


low speed fractions 2-4 appeared to contain 
large aggregates and amorphous clumps of 
both pigmented and non-pigmented materials r 
In fraction S a large majority of the particle^ 
were pigmented and in the one /x size ranged 
a small number of aggregates of these granules 
were also present. In addition, some particles 
were found which were almost invisible in 
ordinary light but w-ere demonstrable by 
phase contrast. The proportion. of dark pig- 
mented granules to these “grey” particles 
was approximately 80/20. Other, highly re- 
tractile granules variable in size and shap>e 
and ranging from 2 to 4 p. were occasionally 
seen. In fractions 6-9, unit granules comprised 
the major portion of the particulate material 
but the propKJrtion of melanin granules to 
“grey” particles gradually decreased. 

Fraction 5 Was resuspended in 5 ml of cold 
distilled water and centrifuged for 15 min- 
utes at 74x gravity. The supernatant fluid 
was tlien centrifuged for 15 minutes at 423x 
gravity. The sediment so obtained, resus- 
pended in cold distilled water, proved to be 
the most homogeneous preparation of melanin 
granules obtained from the S-91 melanoma. 
Roughly 80% of all the elements present were 
shown by phase contrast to be pigmented. 
Under the electron microscope this fraction 
was found to consist principally of elliptical 
particles, the major axes of which ranged from 
0.30 ;t to 0.45 n and the minor axes from 
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Rii Among Indians of Southwest 


The Indians tested were patients at the 
U. S. Indian Hospital and the Indian School 
Hospital at Albuquerque^ New Mexico. Stu- 
dents of the Indian School at Albuquerque 
and the Day School at Isleta were also used 
in this study. The age range was from school 
age to 60 years. . 

Lederle’s Anti-Rh Serum (Anti-Rho) was 
used in this series of tests; this serum is of 
animal origin. Two drops of blood to be 
tested were added to 0.5 cc of physiological 
saline containing 1 % sodium citrate. One 
drop of the cell suspension is placed on a 
clean glass slide. Nest to this is placed one 
drop of Anti-Rh Serum. The two are mixed 
with a glass rod and finally by tilting the 
slide back and forth once. The slide is placed' 
undisturbed on the table for 3 minutes. At 
the end of this time the slide is picked up and 
given 2 or 3 gentle turns. While continuing 
to hold the slide a gentle motion is maintained 
and the test mixture is examined macro- 
scopically with oblique lighting until the 
end of 6 minutes. Clumping is always visible 
within 6 minutes in positive tests and all 
observations must be terminated in 6 min- 
utes. It is necessary to guard against rapid 
evaporation in dry air; a Petri dish was used 
to cover the slides. Rh-positive and Rh-nega- 
tive controls were run with all tests. 

The census records of the United Pueblo 
Agency at Albuquerque were used to deter- 
mine the racial purity of the Indians con- 
cerned. Table I records the findings of the 
full-blooded (4/4) Indians tested. 

Seven Rh positives were found among In- 
dians other than full bloods (4/4). The range 
of racial purity ran from 2/4 to 15/16. 


TABLE I. 

Incidence of Eh Eactor Among Full-Blooded (4/4) 
Indians Tested. 


Tribe or Pueblo 

Bh positive 

Hh negative 

Acoma 

G2 

0 

Apache 

S 

0 

Cochiti 

G 

0 

Hopi 

C 

0 

Isleta 

75 

0 

Jemez 

9 

0 

Laguna 

70 

0 

Navajo 

63 

1 

Sandia 

6 

0 

San Felipe 

22 

0 

San Ildefonso 

1 

0 

S.in Juan 

6 

0 

Santa Ana 

10 

0 

Santa Olara 

3 

0 

Santo Domingo 

19 

0 

Sia (Zia) 

S 

0 

Taos 

12 

0 

Tesuque 

3 

0 

Tewa 

1 

0 

Zuni 

5 

0 . 

Totals 

385 

1 


In some cases census records were unavail- 
able; there were 55 Indians in this category. 
All were Rh positive. 

The total findings are 447 Rli positives and 
one Rh negative in the Indians tested. 

Similar results have been obtained by other 
investigators®-'* in testing Indians of North 
America. 

The author wishes to express his indebtedness to 
Martin W. Fleck, of the Biology Department at 
the TTuiversitj- of New Mexico, for his critical 
suggestions during the progi-ess of this problem, 
and Julia Fritz Gerheim for her technical 
assistance. 

3 Landsteiner, K., Wiener, A. S., and Matson, 
G. A., J. Sxp. Med., 1942, 76, 73. 

Wiener, A. S., Zepeda, J. P., Sonn, E. B., and 
Polivka, H. E., J. Exp. Med., 1945, SI, 559. 



frniiuiU's from tlio mcl.'inoina. goltl-sliKilowcd at an aiifile ot 1 to o. 


The fraclum? obtained corresponded in con- granules appeared identical in size ranae and 
lent to those from the S-91 melanoma, and shape to those from the S-91 melanoma; no 
under the electron microscope these melanin internal structure was reYcalcd, fFig. 3. 4). 
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Electron ]M’icrography of Natural jMelanins 





Fig. 1. 

Jlel.'iuin granules from tlie S-91 nn’l.’iiioina. 


- fn 0 40 li. The melanin granules theni- 
^erappeared almost opaque to the el^,ctron 
;rand noi»ie,nal5.rucwreco«W ba d.a- 
•ned (Fig. 1, 2). 


Melanin grannies from the Ilarding-Passey 
transplantable mouse melanoma. The process 
utilized above proved effective in concentrat- 
ing the pigment granules from this source.-* 
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Melanin granules from the Ilnrding-Passcj’ melanoma, gold-shauoiTeil at an angle of 1 to 5. 

tion blit chinipcd material and unit particles particles corresponded in size or shape to 
ranging from O.S p to 7 p were observed, melanin granules from the parent melanoma. 
Under the electron microscope, few of these Melanin granules jroni beej iris, ciliarv body 
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Fig. 0. 

Mi-Iniiin crnimli's frnm tlic liivf i-lioroiil. pnld sliDilownl :it ;m anjili' of 1 to ."i. 


^:llin ■ J.s before and the .«ii5pen5ions cenlri- 
tuited at 74x pravity for 15 minutes; the pel- 
let' were resuspended in cold saline and re- 
cti'.trifuccd at the same speed. The combined 


supernatant fluids were spun at 3672x gravity 
for .50 minutes, and the pellets in each case 
were resuspended in 10 ml of cold distilled 
w.ner. The ciliarj' body preparation then 
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MeUK„s 



-Mcl.mi,, gr;„mles from'tUe beef el ■ 

a.d c/:oroid aihry body, iris and chorofd 

"ere separated from fwenU- beef eyesS’« Each " "rounc 

«Priedcn;^;;i<l7j: eyes ,> 

I?., Siiir. Johns Uopl-ins JIosp., 1943 73 401 ■■’'•■"'fi’''ferccl :i,iii„ai, 

' ' “ •'''elljiiclerl,..,.. r-.. 
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Fig. S. 

Melanin granules from liuman skin, goH-sliadowcd at an angle of 1 to 5. 

The particles in each preparation tvere ing the major portion of the melanin at 423x 
further sorted by removing aggregated male- gravity (15 minutes) and resuspendiner the 
rial at 74.v gravity (15 minuto), then deposit- pt'Het in 5 ml of distilled water Under the 
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Melanin granules from human skin, gold-shadowed at an angle of 1 to 5. 

The particles in each preparation were ing the major portion of the melanin at 423x 
further sorted by removing aggregated mate- gravity (15 minutes) and resuspendin" the 
rial at 74x gravity (IS minutes), then deposit- pellet in 5 ml of distilled water. UndeT the 






430 


ElECTKON jMrCROGRAPHY OF NATURAL ' IMeLANINS 


phase microscope the preparations appeared much of which was held together in clumps 
homogeneous with respect to melanin granules, background material of low refractive 
In the electron microscope the granules varied index. Nuclei and an occasional whole cell 
from circular to elliptical shape, 0.30 ft to were also seen. Under the electron microscope 
2.00 ft across; they were sharply defined but the pigmented particles proved to be granules 
again failed to reveal internal structure (Fig. of the same size range and shape as those ob- 

tained from the S-9I melanoma by the differ- 
Melanin granules from human skin. A fresh ential centrifugation procedure given above, 
specimen of colored human skin measuring Discussion. Melanin granules are character- 
6 cm by 22 cm was obtained through the >zed with optical microscopes the resolving 
courtesy of Drs. John Wirth and Emerson power of which — appro-ximately 0.2 ft— is of 
Y. Gledhill. The heavily pigmented epidermis same order of magnitude as the granules 
was readily scraped away from the dermis themselves.'*’ The electron microscope has 
with a blunt scalpel and ground with 2 g of s- resolving power of the order of O.OOS ft 
white sand and 5 ml of cold buffered saline and E, therefore, the instrument of choice for 


for 15 minutes. The resultant slurry was di- 
luted with 25 ml of chilled saline and centri- 
fuged for 15 minutes at 74x gravity. The 
supernatant fluid was then centrifuged for IS 
minutes at 423x gravit)'. All pigment was 
deposited in the pellet, which was resuspended 
in cold distilled water and cleared of aggre- 
gated material by centrifuging at 74x gravity 
for 15 minutes. Under the phase contrast 
microscope colorless globules about one ft 
in diameter were observed to constitute about 
10% of the bodies visible. Of the pigmented 
particulates about 35% were rod-shaped and 
another 35% were small spheres of uniform 
shape and size. The remainder of the particu- 
late material appeared as large clumps of dark 
granules. Under the electron microscope glob- 
ular, rod-shaped, and clumped elements' were 
observable (Fig. 7, 8). The rods varied in 
size from O.IO ft x 0.40 ft to 0.18 ft x 0.60 ft. 
The pigmented globules appeared to have 
diameters between 0.20 ft and 0.30 /t. The 
photographic images were uniformly dense 
and no indication of internal structure could 
be discerned. 

The niclaniii-conlainiitg pscudoglobulin 


Irani the S-91 melanoma. This material was 
prepared by following the directions of Green- 
stein. Turner, and Jenrette.-* No difftcuky was 
encountered in repeating the procedure, but 
the pi'^mented pseudoglobulin could be de- 
norited almost completely by centrifugation 
for 15 minutes at 970.x gravity. Lnder the 
phase contrast microscope the preparation 
appeared to consist of pigmented particles, 


investigation of granule form. However, it 
does not reveal the presence of pigment as 
such. 'W^e have therefore established the iden- 
tity of the micrographed particles with mel- 
anin granules by optical means. This identity 
was, in addition, indicated by the relative ab- 
sence of the typical pigmented forms in 
granule preparations from the amelanotic 
melanoma. 

The regular and rounded shapes of a rep- 
resentative group of melanin granules now 
observed with the electron microscope estab- 
lish these particles as formed elements. The 
alternative that they consist simply of pre- 
cipitated aggregates of a metabolic end-prod- 
uct is obviated; melanin is evidently de- 
posited according to a pattern. The demon- 
stration that melanin granules unchanged in 
shape or size also make up the melano- 
pseudoglobulin obtained from transplantable 
mouse melanomas shows that these granules 
may aggregate in the presence of ammonium 
sulfate and be redispersed in a measure upon 
dialytic removal of the salt. 

Discontinuities in the micrographic images 
of melanin granules would give some indica- 
tion of gross structure. The present series of 
micrographs however are uniformly dense 
across the images and conclusions with respect 
to internal structure cannot be drawn. 

Summary. I. Melanin granules were ob- 
tained by differential centrifugation from the 
S-91 and Harding-Passey transplantable 
mouse melanomas, from the choroid, ciliarj’ 

r Russell. K„ dcnetic.i, t.O^C, SI, 327. 



Test for Vitamin P 


431 


body and iris of the beef eye, and from colored 
human skin. These preparations were char- 
acterized with the electron microscope. 

2. The melanin-containing pseudoglobulin 


from the S-91 melanoma was shown to con- 
sist of melanin granules unchanged in shape 
or size with respect to granules obtained by 
centrifugation. 
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Evaluation of a New Test for the Effect of Vitamin P on Capillaries.^ 
R. J. Raiman and H. Xecheles. 

From the Department of Gastro-Intcstinal Sesearrh, Fcsearch Institute of ilichacl Feese 

Eospilal, Chicago, III. 


In our work with rutin^ we felt the need for 
a quick test for vitamin P like effects on the 
capillaries. The method described by IMajov- 
ski et al.- appeared to have the advantage of 
speed and simplicity necessary for the assay 
of a series of compounds. 

The test proposed by Majovski et al.- con- 
sists of the following procedures: Control and 
test mice are placed in a small jar which is 
connected by means of a stop-cock and pres- 
sure tubing to a five-gallon bottle. The larger 
bottle is evacuated by means of a vacuum 
pump to 45 mm of mercury pressure. Upon 
opening the stop-cock, the pressure in the 
smaller jar containing the mice quickly drops 
to 70 mm of mercury pressure, .\fter a 60- 
second exposure to this decreased pressure 
the mice are removed and observations are 
made on the extent of pulmonary hemorrhage. 
Control mice exhibited a greater degree of 
pulmonary hemorrhage than did those “pro- 
tected” by prior administration of certain 
citrus peel fractions. Thus, it was assumed 
that this method affords a means of measuring 
changes in vascular fragility or permeability 
as influenced by various agents. 

* Aided by .-i grant from the .Tolm D. and Fannie 
K. Ilerz Fund. Tlio Department is in part sup- 
]inrled by tlic Mieiiacl Reese Rcscarcli Foundation. 
We are oldiged to tlic .Vt)bott Co. for a supply of 
nit in. 

t Raiman, R. ,T., I>ater, E. R.. and Xcclieles, IT., 
Sricner, in prcio--. 

- Majovi^ki, G. .T.. Le.'scr. .V. .T., Hanson, H. C., 
Carno, H. O.. and Thicncs, C. H., .1. Pharm. nnd 
Fxp. Thrrni>., 3044 , 80 , 1 . 


In the report of this method, the authors 
made mention of control animals which failed 
to conform to the usual reaction and indicated 
that there seemed to be some correlation 
between the “presence or absence of food in 
the stomach and these peculiarities.” This 
observation was repeated by Kibrick and 
Goldforb'* who reported “protection” afforded 
by starving the animals prior to their use 
in the test as compared with fed mice. Besides. 
Kibrick and Goldforb’’ found that a number 
of preparations of the hesperidin group did 
not afford protection to the mice against 
pulmonary hemorrhage. They admit, however, 
that the drugs used may have had varying 
and unknown contents of vitamin P activity. 
We felt that the obseiwations of Kibrick and 
Goldforb did not obviate the usefulness of this 
method as a test for vitamin P activity, as 
feeding and fasting of the mice were factors 
easily controlled. 

•A few preliminary- trials with two groups of 
fed mice, one of which had received rutin, 
showed that the animals which had been fed 
only exhibited gross pulmonary hemorrhages, 
while those which had been fed and which 
also had received prior treatment with rutin, 
showed no pulmonary hemorrhages. Thus it 
appeared that control of the feeding-fasting 
factor retained the method's capacity for test- 
ing for vitamin P activity. 

M e have found, however, in tlie course of 
our work, that the method is not specific for 

’ Kibrick, A. C., .ind Goldforb, A, F.. ,1. Pharm. 
Olid Fip. Thernp., 1P44, 82, 211, 
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phase microscope the preparations appeared 
homogeneous with respect to melanin granules. 
In the electron microscope the granules varied 
from circular to elliptical shape, 0.30 p to 
2.00 n across; they were sharply defined but 
again failed to reveal internal structure (Fig. 
5, 6). 

Melanin granules from human skin. A fresh 
specimen of colored human skin measuring 
6 cm by 22 cm was obtained through the 
courtesy of Drs. John Wirth and Emerson 
y. Gledhill. The heavily pigmented epidermis 
was readily scraped awaj'' from the dermis 
with a blunt scalpel and ground wth 2 g of 
white sand and 5 ml of cold buffered saline 
for IS minutes. The resultant slurry was di- 
luted with 25 ml of chilled saline and centri- 


much of which was held together in clumps 
by background material of low refractive 
index. Nuclei and an occasional whole cell 
were also seen. Under the electron microscope 
the pigmented particles proved to be granules 
of the same size range and shape as those ob- 
tained from the S-91 melanoma by the differ- 
entia! centrifugation procedure given above. 

Discussion. Melanin granules are character- 
ized with optical microscopes the resolving 
power of which — ^appro.ximately 0.2 g— is of 
the same order of magnitude as the granules 
themselves.'^ The electron microscope has 
a resolving power of the order of O.OOS n 
and is, therefore, the instrument of choice for 
investigation of granule form. However, it 
does not reveal the presence of pigment as 


fuged for IS minutes at 74x gravity. The 
supernatant fluid was then centrifuged for 15 
minutes at 423x gravity. All pigment w'as 
deposited in the pellet, which was resuspended 
in cold distilled water and cleared of aggre- 
gated material by centrifuging at 74x gravity 
for 15 minutes. Under the phase contrast 
microscope colorless globules about one ft 
in diameter were observed to constitute about 
10% of the bodies visible. Of the pigmented 
particulates about 35% were rod-shaped and 
another 35% were small spheres of uniform 
shape and size. The remainder of the particu- 
late material appeared as large clumps of dark 
granules. Under the electron microscope glob- 
ular, rod-shaped, and clumped elements' were 
observable (Fig. 7, 8). The rods varied in 
size from O.IO /i x 0.40 fi to O.IS n .x 0.60 u- 
The pigmented globules appeared to have 
diameters between 0.20 n and 0.30 n- The 
photographic images were uniformly dense 
and no indication of internal structure could 
be discerned. 


The melanin-containing pseudoglobuUn 
jrovi the S-9t melanoma. This material was 
prepared bv following the directions of Green- 
ctein Turner, and Jenrette.^ No difficulty was 
^countered in repeating the procedure, but 
the pigmented pseudoglobulin could be de- 
posited almost completely by centrifugation 
for IS minutes at 970x gravity. Under the 
phase contrast microscope the preparation 
Appeared to consist of pigmented particles. 


such. We have therefore established the iden- 
tity of the micrographed particles with mel- 
anin granules by optical means. This identity 
was, in addition, indicated by the relative ab- 
sence of the typical pigmented forms in 
granule preparations from the amelanotic 
melanoma. 

The regular and rounded shapes of a rep- 
resentative group of melanin granules now 
observed with the electron microscope estab- 
lish these particles as formed elements. The 
alternative that they consist simply of pre- 
cipitated aggregates of a metabolic end-prod- 
uct is obviated; melanin is evidently de- 
posited according to a pattern. The demon- 
stration that melanin granules unchanged in 
shape or size also make up the melano- 
pseudoglobulin obtained from transplantable 
mouse melanomas shows that these granules 
ma}' aggregate in the presence of ammonium 
sulfate and be redispersed in a measure upon 
dialj'tic removal of the salt. 

Discontinuities in the niicrographic images 
of melanin granules would give some indica- 
tion of gross structure. The present series of 
micrographs however are uniformly dense 
across the images and conclusions with respect 
to internal structure cannot be drawn. 

Summary. 3. Melanin granules were ob- 
tained by differential centrifugation from the 
S-91 and Harding-Passe.v transplantable 
mouse melanomas, from the choroid, ciliary 

r Russell, K., Cenriic.i, l.'l-jfi, 31, 32~. 
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body and iris of the beef eye, and from colored 
human skin. These preparations were char- 
acterized with the electron microscope. 

2. The melanin-containing pseudoglobulin 


from the S-91 melanoma was shown to con- 
sist of melanin granules unchanged in shape 
or size with respect to granules obtained by 
centrifugation. 
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Evaluation of a New Test for the Effect of Vitamin P on Capillaries.^ 
R. J. Raiman and H. Necheles. 

From the Department of Gastro-Intcstinal Jicsearch, Hcscarch Institute of IlicJiael Feese 

Sospitat, Chicago, lU. 


In our work with rutin^ we felt the need for 
a quick test for vitamin P like effects on the 
capillaries. The method described by Majov- 
ski ct air appeared to have the advantage of 
speed and simplicity necessary for the assay 
of a series of compounds. 

The test proposed by Majovski et air con- 
sists of the following procedures; Control and 
test mice are placed in a small jar which is 
connected by means of a stop-cock and pres- 
sure tubing to a five-gallon bottle. The larger 
bottle is evacuated by means of a vacuum 
pump to 45 mm of mercury pressure. Upon 
opening the stop-cock, the pressure in the 
smaller jar containing the mice quickly drops 
to 70 mm of mercury pressure, .•\fter a 60- 
second e.vposure to this decreased pressure 
the mice are removed and observations are 
made on the extent of pulmonary hemorrhage. 
Control mice exhibited a greater degree of 
pulmonary hemorrhage than did those “pro- 
tected” by prior administration of certain 
citrus peel fractions. Thus, it was assumed 
that this method affords a means of measuring 
changes in vascular fragility or permeability 
as influenced by various agents. 

’ Aidcil by a grant from tlte .Tolm D. and F.annic 
K. ITcrr. Fund. Tlic department is in part sup- 
ported by tlic Micliael Reese Research Foundation. 
We arc iddiged to the Abbott Co. for a supply of 
rutin. 

r Raiman, R. .1., I>atcr, E. R.. and Ncchclcs, II., 
Science, in press. 

- Majovski, G. .T., Lc.sser, .V. J., Ilan'on, 11. C., 
Came, It. O., and Thiencs, C. II., ,1. F/iarm. <ind 
Frp. Thernp.. lPt4, SO, 1. 


In the report of this method, the authors 
made mention of control animals which failed 
to conform to the usual reaction and indicated 
that there seemed to be some correlation 
between the “presence or absence of food in 
the stomach and these peculiarities.” This 
observation was repeated by Kibrick and 
Goldforb^ who reported “protection” afforded 
by starv'ing the animals prior to their use 
in the test as compared with fed mice. Besides, 
Kibrick and Goldforb" found that a number 
of preparations of the hesperidin group did 
not afford protection to the mice against 
pulmonary hemorrhage. They admit, however, 
that the drugs used may have had varying 
and unknown contents of vitamin P activity. 
V e felt that the observations of Kibrick and 
Goldforb did not obviate the usefulness of this 
method as a test for vitamin P activity, as 
feeding and fasting of the mice were factors 
easily controlled. 

.A. few preliminarj- trials with two groups of 
fed mice, one of which had received rutin, 
showed that the animals which had been fed 
only exhibited gross pulmonary hemorrhages, 
while those which had been fed and which 
also had received prior treatment with rutin, 
showed no pulmonary' hemorrhages. Thus it 
appeared that control of the feeding-fasting 
factor retained the method’s capacity for test- 
ing for vitamin P activity. 

We have found, however, in the course of 
our work, that the method is not specific for 

a Kibrick, A. C., nml Goldforb, A. F., J. Fharm. 
nii.l Fj-ji. Iherap., 1044, 82, 211. 
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phase microscope the preparations appeared much of which was held together in clumps 
homogeneous with respect to melanin granules, by background material of low refractive 
In the electron microscope the granules varied index. Nuclei and an occasional whole cell 
from circular to elliptical shape, 0.30 ft to were also seen. Under the electron microscope 
2.00 ft across; they were sharply defined but the pigmented particles proved to be granules 
again failed to reveal internal structure (Fig. of the same size range and shape as those ob- 

tained from the S-9I melanoma by the differ- 
' Melanin granules from human skin. A fresh ential centrifugation procedure given above, 
specimen of colored human skin measuring Discussion. Melanin granules are character- 
6 cm by 22 cm was obtained through the ized with optical microscopes the resolving 
courtesy of Drs. John Wirth and Emerson power of which— appro.ximately 0.2 fi—is of 
Y. Gledhill. The heavily pigmented epidermis the same order of magnitude as the granules 
was readily scraped away from the dermis themselves.' The electron microscope has 
with a blunt scalpel and ground ivith 2 g of ^ resolving power of the order of O.OOS ft 
white sarid and 5 ml of cold buffered saline fnd is, therefore, the instrument of choice for 
for 15 minutes. The resultant slurry was di- investigation of granule form. However, it 
luted ’with 25 ml of chilled saline and centri- ^oes not reveal the presence of pigment as 


fuged for IS minutes at 74x gravity. The 
supernatant fluid was then centrifuged for 15 
minutes at 423x gravity. All pigment was 
deposited in the pellet, which %vas resuspended 
in cold distilled water and cleared of aggre- 
gated materia! by centrifuging at 74x gravity 
for 15 minutes. Under the phase contrast 
microscope colorless globules about one ft 
in diameter were observed to constitute about 
10% of the bodies visible. Of the pigmented 
particulates about 35% were rod-shaped and 
another 35% were small spheres of uniform 
shape and size. The remainder of the particu- 
late material appeared as large clumps of dark 
granules. Under the electron microscope glob- 
ular, rod-shaped, and clumped elements" were 
observable (Fig, 7, 8). The rods varied in 
size from 0.10 ft x 0.40 ft to 0.18 ft x 0.60 ft. 
The pigmented globules appeared to have 
diameters between 0.20 ft and 0.30 ft. The 
photographic images were uniformly dense 
and no indication of internal structure could 
be discerned. 


The melanin-containing pseudoglobulin 
from the S-Q2 melanoma. This material was 
prepared by following the directions of Green- 
ctein Turner, and Jenrette.^ No difficulty was 
^countered in repeating the procedure, but 
the pigmented pseudoglobuhn could be de- 
posited almost completely by centrifugation 
for 15 minutes at 970x gravity. Under the 
phase contrast microscope the preparation 
appeared to consist of pigmented particles. 


such. We have therefore established the iden- 
tity of the micrographed particles with mel- 
anin granules by optical means. This identity 
was, in addition, indicated by the relative ab- 
sence of the typical pigmented forms in 
granule preparations from the amdanoUc 
melanoma. 

The regular and rounded shapes of a rep- 
resentative group of melanin granules now 
observed with the electron microscope estab- 
lish these particles as formed elements. The 
alternative that they consist simply of pre- 
cipitated aggregates of a metabolic end-prod- 
uct is obviated; melanin is evident!}' de- 
posited according to a pattern. The demon- 
stration that melanin granules unchanged in 
shape or size also make up the melano- 
pseudoglobulin obtained from transplantable 
mouse melanomas shows that these granules 
may aggregate in the presence of ammonium 
sulfate and be redispersed in a measure upon 
diaiytic removal of the salt. 

Discontinuities in the micrographic images 
of melanin granules would give some indica- 
tion of gross structure. The present series of 
micrographs however are uniformly dense 
across the images and conclusions with respect 
to internal structure cannot be drawn. 

Summary. 1. Melanin granules were ob- 
tained by differential centrifugation from the 
S-91 and Harding-Passey transplantable 
mouse melanomas, from the choroid, ciliary 

*' J?usst'n, E., 194G, Si, 327. 
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body and iris of the beef eye, and from colored 
human skin. These preparations were char- 
acterized with the electron microscope. 

2. The melanin-containing pseudoglobulin 


from the S-91 melanoma was shown to con- 
sist of melanin granules unchanged in shape 
or size with respect to granules obtained by 
centrifugation. 
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R. J. Raiman and H. Necheees. 

Prom the Department of Gastro-Intcstinal Eescarrh, Ecsearch Insiiinic of ilichacl Eecsc 
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In our work with rutin^ we felt the need for 
a quick test for vitamin P like effects on the 
capillaries. The method described by IMajov- 
ski ct air appeared to have the advantage of 
speed and simplicity necessary for the assay 
of a series of compounds. 

The test proposed by Majovski et al.- con- 
sists of the following procedures: Control and 
test mice are placed in a small jar which is 
connected by means of a stop-cock and pres- 
sure tubing to a five-gallon bottle. The larger 
bottle is evacuated by means of a vacuum 
pump to 45 mm of mercury pressure. Upon 
opening the stop-cock, the pressure in the 
smaller jar containing the mice quickly drops 
to 70 mm of mercury pressure. After a 60- 
second exposure to this decreased pressure 
the mice are removed and observations are 
made on the extent of pulmonary hemorrhage. 
Control mice exhibited a greater degree of 
pulmonary hemorrhage than did those ‘‘pto- 
tected” by prior administration of certain 
citrus peel fractions. Thus, it was assumed 
that this method affords a means of measuring 
changes in vascular fragility or permeability 
as influenced by various agents. 

* Airtcil by .n Rrant from tbe .Tolin D. :uut Fannie 
K. ITcrz Fund. Tlic Derartinent is in part snp- 
pfirtod by tbc Miidiael Rocse Rcsr.arcli Found.ation. 
Wo aro (ddijiod to the Abbott Co. for a supply of 
rutin. 

1 Paiman. R. .T., I.-atcr, E. R., and Neclicles, 11., 
Hcicncr, in press. 

- Ma jovshi, G. J.. Lesser, .V. J., Itanson, H. C„ 
Came, 11. O.. and Thicncs, C. H., .T. Pharni. anil 
Exp. Thcrap.. IPft, 80, 1. 


In the report of this method, the authors 
made mention of control animals tvhich failed 
to conform to the usual reaction and indicated 
that there seemed to be some correlation 
between the “presence or absence of food in 
the stomach and these peculiarities." This 
observation was repeated by Kibrick and 
Goldforb’’ who reported "protection" afforded 
by starving the animals prior to their use 
in the test as compared with fed mice. Besides, 
Kibrick and Goldforb" found that a number 
of preparations of the hesperidin group did 
not afford protection to the mice against 
pulmonary hemorrhage. They admit, however, 
that the drugs used may have had varying 
and unknown contents of vitamin P activity. 
We felt that the observ’ations of Kibrick and 
Goldforb did not obviate the usefulness of this 
method as a test for vitamin P activity, as 
feeding and fasting of the mice were factors 
easily controlled. 

-A few preliminarj' trials with two groups of 
fed mice, one of which had received rutin, 
showed that the animals which had been fed 
only exhibited gross pulmonary hemorrhages, 
while those which had been "fed and which 
also had received prior treatment with rutin, 
showed no pulmonary hemorrhages. Thus it 
appeared that control of the feeding-fasting 
factor retained the method's capacity for tesu 
ing for vitamin P activity. 

We have found, however, in the course of 
our work, that the method is not specific for 

r- Kibrick, A. C., mul GoWforb, A. F.. J. Fharm. 
ami Exp. Tlfvap., 1944, 82, 211. 
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phase microscope the preparations appjeared much of which was held together in clumps 
homogeneous with respect to melanin granules, b}’- background material of low refractire 
In the electron microscope the granules varied index. Nuclei and an occasional whole cell 
from circular to elliptical shape, 0.30 fi to were also seen. Under the electron microscope 
2.00 fi across; they were sharply defined but the pigmented particles proved to be granules 
again failed to reveal internal structure (Fig. of the same size range and shape as those ob- 

tained from the S-91 melanoma b}' the differ- 


Melanin granules front human skin. A fresh 
specimen of colored human skin measuring 
6 cm by 22 cm w’as obtained through the 
courtesy of Drs. John Wirth and Emerson 
Y. Gledhill, The heavily pigmented epidermis 
was readily scraped away from the dermis 
with a blunt scalpel and ground wdth 2 g of 
white sand and 5 ml of cold buffered saline 
for 15 minutes. The resultant slurry was di- 
luted with 25 ml of chilled saline and centri- 
fuged for IS minutes at 74x gravity. The 
supernatant fluid was then centrifuged for 15 
minutes at 423x gravity. All pigment was 
deposited in the pellet, which was resuspended 
in cold distilled water and cleared of aggre- 
gated material by centrifuging at 74x gravity 
for 15 minutes. Under the phase contrast 
microscope colorless globules about one /t 
in diameter were observed to constitute about 
10% of the bodies visible. Of the pigmented 
particulates about 35% were rod-shaped and 
another 35% were small spheres of uniform 
shape and size. The remainder of the particu- 
late material appeared as large clumps of dark 
granules. Under the electron microscope glob- 
ular, rod-shaped, and clumped elements' were 
observable (Fig. 7, 8). The rods varied in 
size from 0.10 (i -x 0.40 /j. to 0.18 n x 0.60 fi. 
The pigmented globules appeared to have 
diameters between 0.20 p. and 0.30 jn. The 


ential centrifugation procedure given above. 

Discussion. Melanin granules are character- 
ized with optical microscopes the resolving 
power of which — approximately 0.2 — is of 
the same order of magnitude as the granules 
themselves.'* The electron microscope has 
a resolving power of the order of 0.005 fi 
and is, therefore, the instrument of choice for 
investigation of granule form. However, it 
does not reveal the presence of pigment as 
such. We have therefore established the iden- 
tity of the micrographed particles with mel- 
anin granules by optical means. This identity 
was, in addition, indicated by the relative ab- 
sence of the typical pigmented forms in 
granule preparations from the amelanotic 
melanoma. 

The regular and rounded shapes of a rep- 
resentative group of melanin granules now 
observed with the electron microscope estab- 
lish these particles as formed elements. The 
alternative that they consist simply of pre- 
cipitated aggregates of a metabolic end-prod- 
uct is obviated; melanin is evidently de- 
posited according to a pattern. The demon- 
stration that melanin granules unchanged in 
shape or size also make up the melano- 
pseudoglobulin obtained from transplantable 
mouse melanomas shows that these granules 
may aggregate in the presence of ammonium 


photographic images were uniformly dense 
and no indication of internal structure could 
be discerned. 


The melanin-confaining pseudoglobuUn 
from the S-Ql melanoma. This material was 
prepared bv following the directions of Green- 
stein Turner, and Jenrette.^ No difficulty was 
encountered in repeating the procedure, but 
the pigmented pseudoglobulin could be de- 
ported almost completely by cenlrihmat.on 
for 15 minutes at 970x gravity. Lnder the 
phase contrast microscope ‘he preparatmu 
appeared to consist of pigmented particles. 


sulfate and be redispersed in a measure upon 
dialytic removal of the salt. 

Discontinuities in the micrographic images 
of melanin granules would give some indica- 
tion of gross structure. The present series of 
micrographs however are uniform!}' dense 
across the images and conclusions with respect 
to infernal structure cannot be drawn. 

Summary. I. Melanin granules were ob- 
tained by differential centrifugation from the 
S-91 and Harding-Passey transplantable 
mouse melanomas, from the choroid, ciliary 

* Uusseil, XC., GvncticSf 3-T. 



435 


16115 

Effect on Cardiac Glycogen of Intravenously Administered Sodium 
Acetoacetate, Sodium Beta-Hydroxybutyrate and Sodium Butyrate. 

Robert W. Lackey, Carl A. Bunde, and Leroy C. Harris. 

From the Department of Physiology and Pharmacology, Southvoesiem Medical College, Dallas, 

Texas. 


' Following pancreatectomy^'- or in alloxan 
■diabetes,® the glycogen content of the liver 
and skeletal muscles is rapidly depleted, but 
the glycogen content of the heart is increased. 
In some recent experiments,* we have shown 
that in rats the amount of glycogen stored by 
the myocardium parallels changes in the 
blood ketone level induced by dietary means. 
In general, the glycogen stores of the liver 
and skeletal muscles tend to vary inversely 
with those of the heart. These observations 
suggested that ketosis may be a causative 
factor in increasing the deposition of cardiac 
glycogen, though decreased insulin avail- 
ability may be important. With the idea of 
minimizing changes in insulin activity, experi- 
ments of shorter duration were carried out. 

Method. Two groups of experiments were 
done using adult male white rats of the 
Sprague-Dawley strain. The animals of the 
first group (Table I) were fasted for 24 hours; 
those of the second group (Table II) were 
unfasted. Each group was divided into sev- 
eral series, one ser\dng as a control series, the 
others being subjected to intravenous infus- 
ion of- 0.9% sodium chloride, 3% sodium 
chloride, 10% sodium butyrate, 10% dl- 
betahydroxybutyrate or 10% sodium aceto- 
acetate solution. The solutions were adjusted 
to a pH of 7.2; the volume infused varied 
from 5 to 7)4 ml; the duration of the infus- 
ion was 4 hours ; and the time of sacrifice was 
one hour after termination of the infusion. 
The animals were anaesthetized with sodium 


1 Cruictshanlc, E. W. H., J. Physiol., 1913, 4”, 1. 
-Fislicr, N. F., and Lackey, R. IV., Am. J. 
Physiol, 1925, 73, 43. 

•^Lackey, Robert W., Bundo, Carl A., Gill, A. 
and Harris, Leroy C., Pnoc. Soc. Exr. Biol, akd 
X lEii., 1944, 57, 191. 

Lackey, Robert "W., Bunde, Carl A., and Harris, 
liOroy C., Am. J. Physiol, 194G, 145, 470. 


pentobarbital and the trachea was cannulated 
routinely except in the uninfused control 
series of the first group, which was anaesthe- 
tized and sacrificed at the time the infusions 
were begun in the other series of the group. 

Since the temperature regulating mechanism 
in the rat was greatly affected by the anes- 
thetic, heat was applied in an attempt to 
keep the temperature of each individual ani- 
mal near the normal level. At a room tempera- 
ture below' 30 to 31°C, supplementary heat 
from lamps was generally necessary. 

At the time of the sacrifice, blood samples 
were obtained for glucose and ketone body 
determinations and samples of heart, liver 
and skeletal muscle were removed for glyco- 
gen determination. The various analyses were 
carried out by methods described earlier.® 

Results and Discussion. Table I shows that 
in the fasted series receiving infusions of 
sodium dW-hydroxybutyrate and sodium bu- 
tyrate, the cardiac glycogen stores were 6S4 
±27 and 653 ± 34 mg % respectively, sig- 
nificantly above the values of 502 ± 26 and 
510 ± 16 mg % found in the fasted series 
receiving respective!}' no treatment or an in- 
fusion of 0.9% sodium chloride solution. 

The glycogen stores in the skeletal muscle 
were essentially the same in the experimental 
and the control series. The liver glycogen 
levels in the series receiving saline (532 ± 
63 mg %) were significantly higher than in 
the untreated series (183 ± 32 mg %) or 
the series receiving sodium d/-^-hydroxybuty- 
rate (112 ± 48 mg %). The verj' great 
standard error for values obtained for liver 
glycogen after sodium butjTatc infusion makes 
it impossible to attach any significance to the 
data on liver glycogen in this series. 

The only remarkable finding in blood ke- 
tone values was the low level of ketones in 
the series receiving the saline solution. In 
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TABLE I. 


Agent 

Amt of drug 
intraperitoneaUy 

Protection 

No. of mice 

Simultaneous controls of all tests 

Untreated 

No 

48 

Acetate buffer, pH = 7.75 

0.15 cc 

3 J 

,3 

Eutin in acetate buffer, pH — 7.75 

1 mg in 0.15 cc 

Tes 

4 

Propylene glycol 

0.15 cc 

33 

G 

Eutin in propylene glycol 

1 mg in 0.15 cc 


12 

Ethylene glycol 

0.15 cc 


4 

Glycerol 


No 

3 

Ethyl alcohol 


Tes 

4 

Oxalic acid 

2 mg in 0.15 cc 

No 

3 

Hypertonic saline 

0,15 cc 


5 

Glucose 

2 mg in 0.15 cc 

Tes 

4 


• Questionable. 


vitamin P and are reporting our results here 
in order to save other workers time and labor. 

Observations. On running control mice 
which received as prior treatment only the 
fluids used in dissolving the agents which we 
desired to test for their effects on vascular 
permeability and fragilityj we found that 
some solvents by themselves afforded equal 
protection against the hemorrhages induced 
by exposure of the animals to decreased pres- 
sure as the specific agents believed to decrease 
vascular fragility and permeability. There- 
fore, we tried the effect of several other agente. 
Table I lists the agents tested and their abil- 
ity to protect adult white mice of 20-25 g 
body weight and of both sexes against the 
pulmonary hemorrhages. No effect of sex 
was noted in the tests. 

Our method deviated froni that of Majovski 
ct al. only in that the pressure^ to which the 
animals were subjected was slightly higher. 
We used a pressure of 85 mm instead of 70 


mm of mercury. 

No apparent pulmonary hemorrhages m 
treated mice as compared with grossly hem- 
orrhagic lungs of untreated controls simul- 
taneously exposed to the decreased pressure 
was called “protection,” and similar degrees 
of hemorrhage in control and test animals was 
declared “no protection.” 

tn agents were administered by mtrapen- 
torTei injection 35 minutes before e.xposure to 

'^ifShT be'mendoned that most of the 
^nimals survived significantly 

.t.er- 


wards than did the controls, but the correla- 
tion between survival time and protection is 
not absolute. 

Hypertonic saline afforded “questionable” 
protection because complete protection was 
never achieved, but in several trials, the mice 
given hypertonic saline exhibited significantly 
less hemorrhage than did the controls. 

Except rutin, the agents which were found 
to protect the animals by this method- are 
generally accepted to have no effect on vas- 
cular fragility or permeability. Most of the 
solvents used for rutin afforded as much pro- 
tection as did rutin itself. Also glucose, which 
is an integral part of the molecule of both 
hesperidin and rutin, afforded protection 
against the pulmonary hemorrhages. 

We conclude therefore, that this test is 
non-specific for the vascular effects of vita- 
min P. 

Stnnmary. The test proposed by Majovski 
et al. for evaluating the effects of vitamin P 
on capillaries was subjected to a critical study. 

The experience of others that previous feed- 
ing affects the results of the test w-as con- 
firmed, but this objection can be overcome by 
using stan'ed mice only. 

The present tests demonstrate that Majov- 
ski’s method is non-specific, however, because 
a number of solvents used for the rutin, as well 
as other substances, gave mice the same pro- 
tection against low atmospheric pressure as 
rutin did. The drugs which protected mice 
are not known to have any effect on capil- 
laries; they were; propylene glycol, ethylene 
glycol, ethyl alcohol and glucose. 
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has been discussed by McQuarrie' and Lewis, 
McKee, and Longwell.® 

Table II records data from unfasted ani- 
mals. The cardiac glycogen levels of 681 ±: 
42 mg % and 724 i 45 mg % found in the 
e.xperimental series receiving sodium y8-hydrox- 
ybutyrate and sodium acetoacetate, respective- 
ly, were the highest observed. These series 
had also the lowest liver glycogen stores 
{807 ± 251 and 1051 ± 254 mg % re- 
spectively) and the highest blood ketone 
levels; the muscle glycogen levels (566 ±: 
37 and 614 ±: 52 mg %) differed little from 
those found in the control series receiving the 
hypertonic and the isotonic saline solution 
(551 ±: 20 mg % and 604 ± 16 mg 
% respectively). Thus the same parallelism 
is observ’ed between the occurrence of keton- 
emia and increased cardiac glycogen stores 
in this as in the fasted series of animals. 

Quite unexpectedly, the non-fasted ani- 
mals receiving isotonic or hypertonic sodium 
chloride solution showed higher values for 
cardiac glycogen, skeletal muscle glycogen, 
blood ketones and blood sugar than did ani- 
mals subjected only to dummy operations. 
These effects were contrary to those observed 
after similar saline infusion in fasted animals. 
The meaning of this difference is not apparent 
to us. The increase in blood sugar observed 
in the series receiving sodium acetoacetate 
raises the same question of inter-relationship 
with cardiac glycogen storage as that dis- 
cussed in connection with the fasted series 
receiving sodium butyrate. 

No attempt was made in these studies to 
control the factor of alkalosis which must 
have followed our administration of the sodi- 
um salts of acids capable of being metab- 
olized. Deuel and coworkers'’ have concluded 


that alkalosis is inimical to hepatic glyco- 
genesis and this may explain the lowering of 
liver glycogen in certain of our series. Long 
and Evans^® observed a lowered cardiac 
glycogen in rats with pronounced alkalosis, 
induced by giving them sodium bicarbonate. 
In our animals cardiac glycogen increased in 
spite of this adverse condition. 

The data presented seem to give some ad- 
ditional support to the idea that there exists 
a parallelism between blood ketone levels 
and the deposition of glycogen in the myo- 
cardium. Since an artificially produced keton- 
emia may increase the glycogen stores in the 
heart within a few hours, either with or 
without a preliminary fast of short duration, 
the relationship between ketonemia and card- 
iac glycogen storage may well be a direct 
one rather than one indirectly attributable to 
the decreased insulin availability resulting 
from conditions giving rise to endogenous 
ketonemia. 

Sum ni ary. In experiments carried out on 
adult male white rats under sodium pento- 
barbital anaesthesia, intravenous administra- 
tion of ketone bodies resulted in an increase 
in the glycogen stores of the heart. Con- 
comitant increase in the glycogen stores of 
the liver and skeletal muscle did not occur. 

~ McQuarric, Irvine, Kssays in liioioriti. p. 413, 
University of C.ilifornia Press, Berkeley and Ix)S 
Angeles, 1943. 

S Lewis, Robert C., Jr., AIcKee, Frances S., and 
Longwell, Bernard B., J. Xntrition, 1944, 27, 11. 

9 Deuel, Harry J., Jr., Butts, Jo.seph S., Bliindcn, 
Harry, Cutler, Cliarlcs H., and Knott, Le.slic, 
J. Bioi. C/ifm., 1937, 117, 119. 

10 Long, C. X. H., and Evans, G. T., Pr.oc. .Soc. 
Exp. Btou .^kb Med., 1932, 30, ISC. 



434 


Cardiac Glycogen and Ketosis 


TABLE 1. 

Tissue Glycogen, Blood Ketones, nnd Blood Sugar in 24-Hour Fasted Eats Given Sodium 
dl-;3-Hydroxybutyratc and Sodium Butyrate by Intravenous Infusion. 


Solution infused 

No. of 
animals 

Glyeogen* 

mg per 100 g tissue 

Blood Blood 
ketones sugar 
mg per mg per 
100 mlf 100 ml 

i 

• 

Liver 

Heart 

Skeletal 

muscle 

None 

17 

183 S: 32t 

502 -+- 26t 

396-+-28f 

17.6 

115 

Isotonic saline 

12 

532 ± 63 

510 -i- 16 

385 -+- 22 

4.1) 

85 

Sodium ^-liydroxybutyrato 

9 

112 ± 48 

654 ± 27 

421 ± 15 

54 

111 

Sodium butyrate 

13 

464 ■+■ 264 

653 ± 34' 

362 -»- 54 

lo.S 

139 


* As glucose, 
t Standard error. 
t As liydroxybutyric acid. 


TABLE 11. 

Tissue Glycogen, Blood Ketones, and Blood Sugar in Kon-Fasted Bats Given Sodium d!-/5- 
Hydroxybutyrate and Sodium Acctoacetate by lutr.avcnous Infusion. 


Nature of treatment 
or solution infused 

No. of 
animals 

Glycogen* 

mg per 100 g tissue 

Blood Blood 
ketones sug.ar 
mg per mg per 
100 ml{ 100 ml 

r 

Liver 

Heart 

Skelet.al' 

muscle 

Untreated 

10 

1660 2: 200t 

451 ± 34t 

434±15t 

3.2 

129 

Dummy operation 

16 

2368 S: 276 

510 ± 17 

504 ± 24 

3.4 

116 

Isotonic saline 

11 

3381 ± 309 

615 ± 27 

604 ± 16 

7.6 

134 

Hypertonic saline 

11 

2537 ± 330 

627 ± 27 

551 ± 20 

8.5 

127 

Sodium jS-hydroxybutyiate 

12 

807 ± 251 

681 ±'42 

566 ± 37 


13(3 

Sodium acetoacotate 

11 

1051 i: 254 

724 ± 45 

614 ± 52 


159 


* As glucose, 
t Standard error. 

I As liydroxybutyric acid. 


this the blood sugar level was also lower. 
Increases in the blood sugar level followed 
administration of sodium butyrate but not 
administration of ^-hydroxybutyrate, 

The rather large increase in cardiac glyco- 
gen in the series receiving sodium butyrate 
and sodium ef;-/?-hydroxybutyrate, without a 
concomitant increase in glycogen deposition 
in either the liver or the skeletal muscle, 
supports our previously stated concept of a 
relationship between ketonemia and in- 
creased glycogen in the myocardium. The 
increase in blood sugar level after the admin- 
istration of sodium butyrate has been observed 
before-*'^ and may be related to the increased 
cardiac glvcogen; but observations that the 
elevation of the blood sugar level was not 
<.reat and that the muscle glycogen stores were 
not increased suggest that the underlying 
factors which selectively increased the cardiac 
glycogen in this case were the same as tho se 

12C0. 


in the ketosis of prolonged fasting, which is 
not accompanied by an increase in blood sugar 
level,* In the fasted series in which dl-fi- 
hydro.xybutyrate was given, the increased 
cardiac glycogen was not associated with an 
increase in blood sugar. 

In the fasted series infused with saline 
solution there w'as no change in the skeletal 
muscle, or cardiac glycogen. The increase ob- 
served in the liver glycogen may have been 
attributable to the decrease in muscular ac- 
tivity incident to anesthesia or to the fact 
that in fasting rats the liver glycogen stores 
are depleted in the early stages of the fast, 
but tend to be replenished as the fast is 
prolonged." The pronounced lowering of blood 
ketones and blood sugar in this series is 
difficult to e.vplain, but may be related to the 
effect of sodium chloride on the insulin pro- 
ducing mechanism or tlie anti-insulin or 
anti-ketogenic mechanism, an action which 

SBuntle, Ciir! A., and Laekey, Robi i t W., mijnib- 
Itshcd data. 
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Pulmonnry nrcli 
Aortic areli 


Simultaneous fluorocardiograms of tlic pulmonarr' ami aortic arches. Phonocardiogram. 
The marks indicate tlie beginning of sj'stolic expansion of the arteries. 



cardiogram. 

The marks indicate the maximum depth of the auricular contraction. 
Tho other waves bear a similar temporal relationship. 


the activities of the right and left heart pre- 
sented new problems, which were solved in 
the following way: (a) The study of the 
pulsations of the pulmonary arch and of the 
aortic arch was made with the subject in the 
postero-anlerior position by applying the slits 
of the 2 pickup units across the borders of 
the curves corresponding to the 2 large ves- 

r Luisad.n, A. A., Flcischncr, F. G., and Pappa- 
I'ort. M. B.. .I;m. Jlrart J., in ]>rc«'!. 1!MS. Xolo IT. 


sels. (b) The study of tlie pulsations of the 
2 auricles was made with the subject in the 
right oblique position bt' appl3ang the slits, 
one below the right bronchus (left auricle), 
the other much lower (right auricle) . (c) The 
study of the pulsations of the 2 ventricles 
was made in the left lateral position applying 
one slit as low as possible across the anterior 
border of the cardiac shadow (right ven- 
tricle) and the other across the lower posterior 
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Temporal Relation Between Contraction of Right and Left Sides of the 

Normal Human Heart. 


Aldo a. Luisada and Felix G. Fleischner. 

From the Medical Service and the Department ofFadioiogy, Beth Israel Sospiial, Boston, Mass. 


Knowledge of the normal temporal rela- originally described by Henny, Boone and 
tionship of contraction of the two auricles Chamberlain®’-* and called ' “electrokjono- 
and ventricles is important in various clinical graph’’ was subsequently modified by us 
conditions. Only indirect or semi-direct evi- together with Rappaport®’® and the name 

dence of the activities of the various cardiac “fluorocardiography” was proposed, as being 

chambers has been available so far in clinical more descriptive of the method, 
cases. As a new method permits their direct The pickup unit is adjusted under fluoro- 
observation, a study of normal subjects has scopic control so that the motion of a small 
been undertaken, as a preliminaiyr to clinical section of the margin of the cardiac silhouette 
studies. is seen within the slit. Anj^ outward motion 

Precedents. On the basis of simultaneously is recorded as a positive wave on the tracing; 
recorded right ventricular pressures, carotid any inward motion, as a negative wave, 
surface pulses and ballistocardiographic re- Identification of these weaves is possible by 
coils (direct method for the right ventricle the simultaneous recording of a tracing of 
only), Hamilton and co-workers^ found an the heart sounds. The recorded fracings are 
asynchronous ejection of the two ventricles similar to pulse tracings (arteries) and to- 
in man. Either ventricle may precede the volume tracings of the ventricles or auricles. 


other. 

The only available study on man with 
similar technique was briefly reported by 
Chamberlain and co-workers.- These authors 
studied the ascending aorta and the first 


part of the pulmonary artery by means of the 
electrokymograph. The study was made either 
with a single pickup device and subsequent 
tracings or with 2 separate pickups and 2 
galvanometers. In the latter instance two 
simultaneous separate tracings were re- 
corded, permitting comparison. These authors 
found a variable time relationship of the 
pulses of the 2 vessels; either ventricle might 
precede the other; in a few cases the pulses 
were simultaneous. 

Method. The method used in this study 


; based on the combination of the fluoroscope, 
photoelectric pickup unit, a screen with a 
lit and an electrocardiograph. T he apparatus, 

Heraington, 

■ W TOeelcr. N. C., ami Witham A C., Pkoc. 
loo. EXP. Bion. AKD Man., 194/, 266. 

2Ch.,mberiain, IV. E., 

}. P., Henny, G. C., ana Oppcnheimcr, M. J., Fed. 
^roc., 19 - 47 , 6 , 88 . 


Therefore, no new names are necessary for 
the waves, these being the same as in sphyg- 
mograms or cardiograms. 

It is to be noted that the motions of the 
ventricular borders are somewhat less typical 
when recorded in the lateral positions even if 
the beginning and end of the various waves 
bears the normal temporal relation to the 
heart sounds. 

Two Sanborn apparatus for fluorocardiqg- 
raphy and a Sanlmrn Tri-beam Stethocardi- 
ette were used for the studjL ObservaUons- 
were made on 8 normal subjects between the- 
ages of 14 and 46. 

The general method previously described by 
us for the positioning of the slit®'®’^ was fol- 
lowed. However, the simultaneous recording of 

SHenny, G. C., and Boone, B. J?.. Am. J. Bornt- 
geii., 19-45, 217. 

•* Henny, 6. 0., Boone, B. I?., .and Cli.amberl.’iin, 
IV. E., Am. J. Eomigen., 1947, 57, 409. 

s Luisad.a, A. A., Eteiselmer, E. G., .and ILapp.a- 
port, St. B., -Vcic England Heart Assn.. Feb. 24, 
1947. 

CLuis.ad.a, A. A. Fleischner, F. C., and jfJ.ajij/.a- 
port, 11. B., .Im. Heart J., in prc--^. 1.94S. Note I.. 
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riSST SECOKD 

SOOTD sown) 



Fic. 4. 

TeiupornS relation between contraction of xiBbt anil left iiiilcs of the normal Iranian heart. 
Schemes made from tracings of the various subjects. 


the right ventricle, (b) The pulsation of the 
aortic arch takes place some time after the 
beginning of the ejection of the left ventricle, 
(c) The speed of the pulse wave is lower in 
the lesser than in the greater circulation, as 
indicated by Hamilton"’ and confirmed by us.* 
Therefore, in spite of the different length of 
the 2 large vessels, it is understandable that 

sCUaviv. I... I)iirt>.>ckcr, X., and Cclis, .fii:. 
JfcsrJ ,T.. 1 P 4 T. sa, SCO. 

0 Haniil'.i'ii. AV. F.. in J/oirrH*,? Tcj'lhpot: of 
l>y .Tohn Fulton, Pliiladoljihi.a, Snumlcrj, 
1040, ji. «41. 


the lime relationship between their pulses 
turns out to be about the same as that be- 
tween the beginning of ejection of the 2 
ventricles. We can conclude that all data 
point to the fact that under normal con- 
ditions the right ventricular contraction pre- 
cedes the left. This fact is in accord with 
the demonstration that, while the left side 
of the septum is e.\dted before the right, llie 
e.vternal wall of the left ventricle is reached 
after that of the right (Lewis’®). The time 

10 IjCWjs, T., The Mrchanit:m mid GrajiUic Hcpif- 
trotion of the Heart Tlent, I.ramlon, Slmw. 1025. 
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Pro. 3. 

Siimiltnneous Raoiocardiograms ot the right .iiid left veiifricics. Phonoc.^r(liogram. 
The marks indicate the hcginniiig of ventricular ejection. 


border (left ventricle). 

Results. (1) The simultaneous tracings of 
the pulsations of the pulmonary artery and 
the aortic arch (Fig. 1) show the following 
time relationship: (a) the rise of the pulse 
of the pulmonary artery precedes that of the 
aorta by 0.020 to 0.02 S seconds (20 to 25 
msc). (b) The peak of the pulse of the pul- 
monary artery precedes that of the aortic 
pulse by about 0.03 seconds (30 msc). 

(2) The simultaneous tracings of the pulsa- 
tions of the 2 auricles (Fig. 2) show the 
following time relationship: (a) The begin- 
ning of the auricular contractions is not al- 
ways apparent owing to the rotation of the 
patient. When visible, the right auricle pre- 
cedes the left, (b) The maximum depth of 
contraction is reached by the right auricle 
about 0.025 seconds (25 msc) before the 
left, (c) The maximum dilatation of the 
auricle, at the moment in which the auriculo- 
ventricular valve opens, is reached by the 
right auricle from 0.025 to 0.030 seconds 
(25 to 30 msc) before the left. 

(3) The simultaneous tracings of the pulsa- 
tions of the anterior and posterior aspects of 
the heart, namely of the 2 ventricles (Fig. 
3) show that these bear the following relation- 
ship: (a) The beginning of ventricular con- 
traction (isometric contraction) cannot be 
accurately ascertained in the lateral posi- 


tion. (b) The beginning of the ejection period 
is indicated by a sharp fall of the tracing after 
the maximum has been reached subsequent 
to auricular contraction. This occurs about 
0.025 seconds (25 msc,) earlier for the right 
ventricle (anterior surface) than for the left 
ventricle (posterior surface). 

Temporal relation between contraction of 
right and left sides of the heart are further 
shoTOi in the schemes of Fig. 4. 

Commeut. These ’ observations concerning 
the temporal relations in cardiac action con- 
firm each other. Actually, the final conclusions 
concerning the time relationship of the ven- 
tricular pulsations are based on the correla- 
tion of tracings obtained from the auricles 
indicating the opening of the A-V-valves: 
from the ventricles showing the beginning of 
ejection from both ventricles; and from the 
large vessels revealing the beginning rise of 
the aortic and pulmonic pulses. The evidence 
indicates that the right v'entricle contracts 
first, and the interv'al between the contrac- 
tions of the 2 ventricles is between 0.025 and 
0.030 seconds (25 to 30 msc). The same 
interv'al exists between the pulmonic and 
aortic pulses. The latter is due to various 
facts: (a) the pulsation of the middle arch 
is actually that of the left branch of the 
pulmonary artery,® taking place, therefore, 
somewhat after the beginning of election of 
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were administered daily for more than a 
week, 

A search for other carcinoclastic microbial 
products was then undertaken. For a sur\'ey 
of a large number of micro-organisms, in vivo 
test is too slow and interpretation is likely to 
be uncertain. Accordingly the t^t chosen was 
the histological condition of sur\'iving tissue 
slices, as used in metabolism studies, after 
incubation for 24 hours with the bacterial 
preparation under investigation. A slice of 
the liver of the same animal was used as an 
indicator of the selectivit}’’ of the preparation 
for tumor or normal tissue. Penicillin, it was 
found, could be used to e.vclude extraneous 
micro-organisms. 

Materials and Methods. Webster strain 
mice bearing spontaneous carcinomata, and 
pigmented rabbits carrj'ing the transplantable 
Bro^vn-Pearce carcinoma supplied the tumor 
and liver slices used in these experiments. 
Tissues which showed extensive necrosis or 
were othenvise unusual were discarded. 

Mice were killed by a blow on the head 
and rabbits by injecting air into a marginal 
vein. The tumor and liver were removed, 
rinsed in physiological saline solution, and 
the tissues sliced into sections not more than 
0.3 mm thick, either with a straight razor or 
a Stadie* microtome. Mouse liver was gen- 
eralh" cut by hand, while mouse tumor and 
rabbit liver and tumor were more conven- 
iently cut on the microtome. The slices were 
rinsed through 3 baths of physiological saline 
solution before being placed in 20 ml beakers 
for incubation. Each beaker contained 4 ml 
of the medium, a slice of tumor, and as a 
control tissue, a slice of the autoloaous liver. 

.411 procedures were carried out as aseptic- 
all}’ as possible. 

Previous tests showed that tissues incubated 
in serum under conditions later described 
preserved a more nearly normal gross and 
microscopic aspect than they did when in- 
cubated in balanced salt solution. Heter- 
ologous serum appeared to be as favorable 
as U\e homologous serum, consequently the 
basic medium consisted of rabbit serum ob- 

r St.ndio, W. C., .and Riggs, B. C., J. Itiol Chem., 
ir.4, GST. 


tained from blood collected by aseptic cardiac 
puncture to which 100 mg of dextrose and 
100,000 units of penicillin (Squibb) were 
added per 100 ml of serum before use. The 
usual procedure employed 3.5 ml of serum 
containing sugar and penicUlin plus 0.5 ml 
of the culture or preparation being tested. 

.A shaker-incubator® equipped to hold 
thirt}' 20 ml beakers allowed the agitation to 
be carried out at an}' desired speed, tempera- 
ture, and under ant' preferred water-saturated 
gas mixture. Tissues in these e.xperiments were 
incubated for 24 hours at 37°C under 95^0 
oxj'gen and 5% carbon dioxide and shaken 
at 80 cycles per minute. 

All preparations were run in duplicate, and 
with each set of experimental beakers a pair 
of beakers containing only serum and the 
tissue slices were incubated as control. In 
ex-periments not involving the use of pen- 
icillin in all beakers, an additional control 
pair without penicillin was run. 

Specimens of tumor and liver were routinely 
fixed in Bouin’s or Carnoy’s fluid at the be- 
ginning of each experiment, and at the con- 
clusion. all tissues were immediately fixed in 
preparation for microscopic examination. 

The slices were sectioned at S ft in a plane 
parallel to the original slicing to give large 
area for examination. Orientation was as- 
sured by sandwiching the slices betw*een 
sheets of agar gel prior to fixation.*"' Hematox- 
ylon-eosin was the routine stain. 

The basic medium for growing the bacteria 
was as follows: 


Teast extract (Difeo) 

3 g 

Peptone (Difeo) 

3 ” 

Dextrose 

5 ” 

Tapwater 

1 L 


.Adjusted to pH S.O with NaOH prior to 
autoclaving. 

Alost of the organisms tested grew well 
in this medium at room temperature. For the 
culture of Sporosarcina ureac and other urea 
decomposing bacteria 20 g urea was added 
to the above medium. 

Results. In a general survey of micro- 
organisms whose products might selectively 

UubapfT, ,T. W., in preparation. 

« Colli n, A. I.., in preparation. 
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interval between excitation of the right and 
left ventricles was found by Lewis to be only 
0.01 seconds. As we found it, the interval 
was greater; this may be attributed to the 
fact that we measure the interval between the 
beginning of the ejection from the two 
chambers. We know that in the human heart 
the isometric contraction of the right ven- 
tricle lasts 0.01 sec. (Richards and co- 
workers^^) but. we do not yet know the dura- 
tion of the isometric contraction of the left. 
It is likely that the higher pressure existing 
in the aorta causes a slight' longer duration 
of the period of tension of the left ventricle, 
thereby exaggerating the delay already exist- 
ing. 

Our observations on the pulsations of the 
auricles indicate that, here too, there is a 
brief interval, the right auricle contracting 
before the left. Again our observation con- 
firms known physiological facts. In the dog, 
the sino-auricular impulse reaches the left 
atrial appendage 0.015 seconds later than 
the right (Lewis, Wiggers^-). It is logical 

11 Bichaids, D. W., Cournand, A., Motley, H. L., 
Dresdale, D, T., and Ferrer, M. I., Trans. Assn. Am. 
Phys., 1947, in press. 


to assume that the interval is longer in the 
human heart owing to the greater length and 
difference in length of the muscular bundles 
leading from the sino-auricular node to either 
auricle respectively. 

The constancy of our findings is in con- 
trast with the variability of results of previous 
studies.^’- This can be explained by. the fact 
that those studies were performed partiy with 
indirect measurements^ or with a different 
technique.- 

Snmmary. The temporal relation between 
the contractions of the left and right heart 
chambers was studied by means of fiuoro- 
cardiography and simultaneous recording of 
2 pulse tracings on one strip. The study was 
performed on 8 normal subjects and included 
the observation of the pulsations of the aorta 
and the pulmonary artery, both amides and 
both ventricles. In all observations the con- 
traction of the right auricle preceded that of 
the left auricle and the contraction of the 
right ventricle that of the left. The delay of 
action of the left chambers was found to be 
between 25 and 30 milliseconds. __ 

lawiggers, C. J., Physiology iw Mcalth niuT 
Pisease, Pliiladelphia, Lea and Fcbiger, 1944. 
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The Effect of a Sporosarcina ureae Preparation on Tumor Ceils in vitro.*^ 


A, L. Cohen, t H. Borsook, and J. W. Dubnoff. 

From the TFilliam G. Kerchhoff Laboratories of the Biological Sciences, 
California Institute of Technology, Pasadma, Calif. 


The report that cell division in sea urchin 
eggs was inhibited by penicillini 
incentive for these e.xperiments designed to 
test the effect of microbial products on tumor 


‘ Vie are indebted to Ur. Clyde K. Emery for .a 
crant wbieb made this work possible. 

t Present address: Oglethorpe tlmrcrsity, Ogle- 
thorpe University, Ga. ,r T> r ae» 

P7ii/siol., 1945, 28, 405. maa en 314 

aCornman, L, 

3 Lewis, M. B., Science, 1944, 100, 314. 


cells. Cornman- and Lewis"’ found tumor cells 
in tissue culture damaged or killed by the 
addition of suitable concentrations of pen- 
icillin, though Lewis believed the selective 
carcinoclastic effect was due to impurities in 
the preparations. 

In e.xperiments not othenvise reported, we 
injected penicillin into Webster strain mice 
bearing spwntaneous mammary carcinomata. 
Damage to the tumor in the form of hem- 
orrhage, necrosis, and pyknosis was apparent 
but only after SO-100,000 units of penicillin 
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selective carcinoclastic effects. 

In an attempt to enhance the effect Sporo- 
sarcina urcae was grown under the following 
different conditions: 

A. Two-liter flasks containing 500 ml of 
culture fluid inoculated with S. vreae were in- 
cubated at 30°C for 48 hours with constant 
agitation. These heavy cultures harvested at 
the peak of growth produced a slighter effect 
than those grown under less, favorable cultural 
conditions. Further e.vperiments indicated that 
the carcinoclastic effect was greater with 
cultures which had passed the peak of growth. 

B. A 500 ml culture was prepared, agitated 
at 30°C for 48 hours, and allowed to remain 
undisturbed at room temperature (ca. 22“C). 
.A.fter 48 hours a sample (BI) was lyophilized, 
and the remainder (BII) was lyophilized after 
120 hours at room temperature. When re- 
constituted with distilled water sample BI 
showed little or no carcinoclastic effect, while 
tumor tissue e.\-posed to sample BII was total- 
ly destroyed, the nuclei densely pyknotic, cell 
boundaries extinguished, and the acinar struc- 
ture collapsed. There was no perceptible effect 
upon the liver. 

In studies with whole culture, washed bac- 
teria and cell-free medium, it was regularly 
observed that most pronounced carcinoclasis 
was obtained either with the washed concen- 
trated cells or with whole old culture. 

C. Plates were made of the yeast extract 
urea medium solidified with a 2% agar, 
heavily seeded with S. urcac and incubated 
at 30’C for 48 hours. The bacteria were 
washed off with distilled water, the washings 
collected and lyophilized. The bacteria from 
four 200 mm diameter petri dishes were 
resuspended in 20 ml distilled water after 
Ij'ophilization, a few drops of methylene blue 
added as redox indicator, and the suspension 
divided into four 5 ml lots incubated IS hours 
under the following conditions: 

C 1. .Vnaerobic at 55 C Methylene blue 
incompletely reduced. 

C II. .Xnacrobic at 36 C Methylene blue 
incompletely reduced. 

C HI. Room temperature under toluene. 
Methylene blue incompletely reduced. 

C IV. 30 C under toluene. Methylene blue 


reduced in one-half hour. Toluene removed 
from C III and C IV by vacuum drying, 
residue reconstituted to original volume. 

Preparation C W, that autolysed under to- 
luene at 30°C, produced complete disintegra- 
tion of the tumor tissue and did not damage 
the liver as far as could be seen from stained 
preparations. Next in order of effectiveness 
were preparations C I and C II. C III had 
little effect. 

Rabbit Brown-Pearce carcinoma was tested 
in a similar manner as the Webster strain 
mice carcinomata (above) and similar results 
were obtained. 

The factor in Sporosarcina urcae toxic to 
tumor and not to liver cells appears to be con- 
tained within the bacteria and increases in the 
medium as these are aged. The evidence for 
this conclusion is the greater effectiveness of 
old cultures, the complete and selective de- 
struction of tumor tissue by the bacteria auto- 
lyzed at 30^, and the ineffectiveness of the 
cell-free culture medium in which the bacteria 
had grown. 

Discussion. As far as we are aware, the test 
method used in this study has not been em- 
ployed hitherto in the study of or search for 
substances selectively toxic to tumor cells. It 
holds out the following advantages: it is rapid, 
economical, the one animal, even the one 
tissue, supplies control and e.xperimental spec- 
imens. and indirect (immunological and vas- 
cular) effects of the test substances are in- 
operative. 

Kidd*^ used a somewhat analogous ap- 
proach. He found that certain tumor cells 
after treatment with culture filtrates of .Asper- 
gillus jumigttlus failed to grow after im- 
plantation, although there was no visible 
injury in the tumor cells. 

Summary. The incubation of mouse spon- 
taneous carcinoma, rabbit Brown-Pearce car- 
cinoma. and their autologous li%-er slices with 
bacterial cultures showed in general that cells 
of both liver and tumor were uninjured or 
injured equally. Cultures of Sporosarcina 
urcac damaged tumor cells and left liver cells 
histologically unaffected. Evidence was ob- 
tained that the selective carcinoclastic factor 

.1. r,., Sciritcc, ]f4T, lO.’i, .SH. 
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damage tumor tissue, the variety of growth 
habits made it necessary to modify the con- 
ditions of testing them. Thus bacteria which 
could grow rapidly in serum at 37®C were 
added as small inocula; those which might 
grow to some extent but not sufficiently to 
swamp the tissues were added either as loop- 
fuls of rich culture to beakers containing 
4 ml of serum minus penicillin or as O.S ml 
concentrates of rich cultures to 3.5 ml of 
serum containing penicillin; while those or- 
ganisms which could not grow under the con- 
ditions described were added as O.S ml con- 
centrates to each beaker containing 3.5 ml 
serum with penicillin added to suppress the 
growth of contaminants. 

Some bacteria damaged both liver and 
tumor cells, the severity of injur}- ranging 
from slight eosinophila and paling of the 
nuclei to complete disintegration. These were; 
Psetidomoms caryocyanca, P. putida, P. sp., 
Serratia marcescens, Escherichia coli comnini- 
is, E. attrescens, Shigella sonnet and Sarcina sp. 

The majority of micro-organisms tested 
e.vhibited no perceptible effect upon either 
the tumor or liver. In this category are 
Pseudomonas indoloxidans, P. ovalis, P. ont- 
iiivorans, P. acidovorans, P. pyocyanea, P. 
tumejaciens, Vibrio inetchuikovii, Rhodo- 
spirillum rtibrum, Escherichia coli (2 strains), 
E. coli communior (compare with E. coli 
communis of preceding list) E. acidi-lactici, 
Acrobacter acrogenes, A. cloacae, Alcaligencs 
fecalis, Salmonella pullorum, Bactcrhnn albo- 
flavus, Proteus vulgaris, Kurthia zopfii, Staph, 
citreiis, Strep, anhemolyticus. Strep, sp., Mi- 
croccus ureae, M. cinnabareus, Sarcina sp.. 
Bacillus brevis, Aerobacillus polymyxa, Cory- 
nebacterium creatinovorans, Mycobacterium 
phlei, M. salmonicolor, M. sp., Actinomyces 
coelicolor, Penicillium notatum. 

In addition to these organisms 3 trypano- 
somes, Trypanosomtim brasiliensis, T. Icwisii, 
and Schizotrypanosomum crtizii were tested 
because of Roskin’s report' of their use in 
producing tumor regression. They were in- 
effective in our test. 

A perceptible specific carcinoclastic efiect 
was produced by pr eparations of the follounn g 

"TEoskin, G., Cancer Hcscareh, 1946, 0, 363. 


- organisms: Bacterium I (an unidentified, 
slender, motile, non-sporulating rod isolated 
from contaminated serum), Spirillum virgin- 
ianum, Pkaeomonas varians, Urobacillus 
pasteurianum, and Sporosarcina iircac. Of 
these 5 organisms Sporosarcina ureae had the 
most pronounced differential destructive effect 
upon tumor tissues. It was selected, therefore, 
for further study. 

After incubation with Sporosarcina ureae 
a slice of spontaneous carcinoma of the Web- 
ster mouse underwent the following degenera- 
tive changes: The nuclei became pyknotic, 
the cell membranes shrank and the char- 
acteristic acinar structure ivas largely oblit- 
erated. The liver slice cells appeared to be 
undamaged. 

In the first e.xperiments, Sporosarcina 
ureae was grown in SO ml Erlenmeyer flasks 
containing 10 ml of culture medium at room 
temperature. The cultures were harvested at 
the peak of growth and O.S ml of culture was 
added to each beaker containing 3.5 ml of 
serum with mouse liver and tumor slices pre- 
pared as previously described. Experiments 
were made with and without the use of pen- 
icillin in the concentration of 1000 units per 
ml. No effect on the action of the S. ureae 
culture being observed, all further experiments 
were done with penicillin in the medium to 
safeguard tissues and serum against the 
growth of contaminants. 

Because of the high concentration of am- 
monia in the Sporosarcina ureae cultures ad- 
dition of 0.5 ml to 3.5 ml of serum gave a 
pH of 9.5. It was possible, then, that the 
specific toxicity of the Sporosarcina ureae 
culture to tumor cells resided in either the 
ammonia present in high concentration or the 
high pH induced rather than in a more 
specific to.xic substance. To test these pos- 
sibilities tumor and liver slices were in- 
cubated in the serum medium to which either 
ammonium hydroxide or sodium hydroxide 
were added to give a pH of 9.5 or higher. 
No damaging effect of either ammonium or 
hydroxyl ion at these concentrations was ob- 
serc'ed on either the tumor or liver cells. 
Nor did removal of the ammonia from various 
Sporosarcina ureae preparations lessen their 
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of S; ttrcae cultures M'as contained within the 
cells and released on autolysis. ' 

We are indebted to Dr. C. B. van Kiel of the 
Hopkins Marine Station for free access to the 


culture collection, to Colonel Ma.v Loviuo for cul- 
tures of several of the Enterobacteriaeeae, and to 
Dr. William Negherbon for cultures of trypano- 
somes and detailed directions for their main- 
tenance. 
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Liver Injury in the Dog Following Use of 2-3-DithiopropinoI.* (BAL), 

Wm. deB. MacNider. 

The Laloratonj of Pharmacology, The University of 2!orth Carolina. 


Fifteen adult dogs furnish the basis for the 
observations which are to follow. The ani- 
mals were kept in metabolism cages and given 
a diet of Purina Dog Chow. No restriction as 
to the amount was made in the diet or in the 
water intake. The dithiol was given intra- 
muscularly at 9 a. m. and 9 p. m. on 4 suc- 
cessive days. The dogs were divided into 3 
groups. The animals of Group I were given 
5 mg per kilo of the dithiol per dose, those 
of Group II, IS mg and the members of 
Group III, 30 mg per kilo. Prior to the com- 
mencement of the injections liver function 
studies were undertaken by the use of brom- 
sulfalein according to the technique devised 
by Rosenthal and White.^ For the normal 
animals and those of Group I, such observa- 
tions have been satisfactory in that all of 
the dye was removed from the plasma within 
half an hour. In the animals of Group II and 
Group III receiving respectively IS and 30 
mg of dithiol per kilo the rate of removal was 
invariably prolonged beyond the half-hour 
period. The percentage removal however dur- 
ing this and subsequent periods was e.xtremely 
variable. The evidence for the development of 
a liver injury from the dithiol is not confined 
to such variable functional observations but 
has been ascertained by obtaining biopsy 
material from the livers and by the study of 
such tissue in those animals that came to 
autopsy. The tissue was stained f or lipoid 


107., l>enzyl ben- 

zoiite 20% p 7 J M A 

1 Eosentbal, S. M., and Wlutc, E. C., J. J. M. A., 
1925, 84, 1112. 


material with Scharlach R and also with 
hematoxylin and eosin. A study of such ma- 
terial permits the following conclusions: 

1. In the animals of Group I which re- 
ceived 5 mg of 2-3-dithiopropinol per kilo it 
was difficult if not impossible to ascertain by 
such a micro-chemical method whether or 
not there w'as any actual increase in lipoid 
material in the hepatic epithelium over that 
which can be frequently observed in such 
tissue designated as normal. In such animals 
lipoid material appears in the liver in the 
form of dust-like and larger particles or as 
minute droplets. This material is more notice- 
able in the periphery of the lobules following 
the use of a dithiol. 

2. In the animals of Groups II and III 
which received either IS or 30 mg of the 
dithiol per kilo, there develops a marked in- 
crease in stainable lipoid in the liver lobbies 
in the form of larger or smaller droplets 
which may obscure the nuclei of such cells 
and replace the greater portion of the cell 
cydoplasm. Such a development is more uni- 
form and more marked in the periphery than 
in the central portions of the lobules. In 
general as this area of the lobule is reached 
the lipoid material is not only reduced in 
amount but makes its appearance as small 
discrete droplets. This order of hepatic cell 
injury is more severe and develops earlier 
in the animals of Group III that were given 
30 mg of the dithiol per kilo. In one animal 
of this group there developed bj' the fifth 
day of the e.xperiment an e.xtensive liver 
necrosis. The animal became comatose with 
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TABLE 1 . 

Compf>'i)tion of Two Basie Syntiiclic Diets. 
(Parts per cent.) 


Diei.s 

I 

TI 

C.isein 

30 

15 

Corn fitnrcli 

50 

74 

Fat 

1 

1 

Coil liver oil 

1 

1 

Bulk 

1 

1 

.Sodium clilorido 

4 

4 

Mineral mixture- 

4 

4 

Supplements: 

Thinminc chloride 


0.8 mg /100 g diet 

Bibo flavin 


II II 

Pvridoxine 


sf if 

Ca panfothc-nafe 


4.0 »’ 

Kicotinic acid 


1.0 »' 

Clioline clilorido 


100 ” 

Tocopherol acetate 


10 mg/rat/ weekly 

of blood pressure 

determination gives the 


mean pre.ssurc onlj-. 

Kidney lesions. The incidence and severity 
of the kidney lesions were estimated by a 
procedure previously described .•'* 

Diels. The complete composition of the 
diets employed is given in Table I. 

fixpcrimeiils. In a first series of experiments 
each group consisted of IS rats. The e.\-peri- 
ment was then repealed with 10 animals in 
each group. The results were almost identical 
and will therefore be de.scribed conjointly. 

Since under certain conditions’ choline 
chloride anpeared to counteract the hyper- 
tensive action of anterior pituitary prepara- 
tion, an additional group of 10 rats was 
treated exactly as tho.'e on Diet I but they 
received 10 times the amount of choline 
chloride indicated in Table I. 

Results. Table II summarizes our results. 
The average hyperten.'iion given in Table II 
refers to the average of the hypertensive 
animals only. It seemed appropriate to us 
not to include in the calculation the few 
normotensive rats, in order to obtain the true 
hypertensive average. 

Confirming previous findings of this labor- 
atory- it may he seen in Group 2 that the 
implantation of DC.\ produced a marked ele- 
vation of the blood pres.sure. This hj-per- 

- Solve. H., !in.i I'enlz, E. I., V. I 

iota, -tn, g(u. 

■llLiy. E. C.. aiel Se^juhi, f.. . 1 ,..,. .r. p/ivtiV.J 
lutr,. 1-t7, CWI. ■ ■’ 


tension, which was present in almost all 
animals, was completely established on the 
20th day of the experiment; it persisted for 
a period of at least 20 days which elapsed 
between the two blood pressure determina- 
tions. The kidney lesions in this group were 
also very prominent, as judged by the high 
incidence and severity of the pathologic 
changes. 

We wish to emphasize particularly that a 
15% casein diet does not prevent the pro- 
duction of hypertension and nephrosclerosis 
under these conditions. In fact our results 
show that at the end of 40 days 100% of 
the animals in Group 1 were hypertensive, 
with an average blood pressure of 161 mm 
Hg and had as marked kidney lesions as in the 
30% casein group. 

Ten times the usual amount of choline 
chloride (Group 3) effected no delectable 
improvement. 

Discussion. Our earlier e.xperiments’ showed 
that the hypertension produced by anterior 
pituitary overdosage is prevented by a IS% 
casein diet; the present observation.s indicate 
that DC.\-h\p£rtension, on the other hand, 
cannot be prevented in this manner. Accord- 
ing to the working hypothesis prevalent in 
this laboratory, the anterior pituitary in- 
creases the blood pressure by stimulating the 
adrenal corlex.^’^' Since it now appears that the 
DC.A-hyperiension is obtained even on low 
protein diets, it is probable that the site of 
action of dietary proteins is between the 
pituitary and adrenal cortex: either proteins 
increase the efficacy of the corticotrophic 
hormone or they stimulate corticotrophin 
production. F.x^ieriments on hjpophysecto- 
mized rats are now under way in this In- 
stitute to elucidate this last-mcntiorc-d point. 

Choline chloride had no influence tifjon the 
establishment of hypertension by DC.\ over- 
do.saee. 

SummoTy. \\ hile the hyperlcn.sion and ne- 
phrosdero.ds produced in the rat by anterior 
pituitary preparations are prevented by low- 

■^S-jtre. ir., and .Stone. H., J. I'ndoov, K'tG 
50, S'Vt, ■ ‘ ’ 

r-ILall, C, E., Dontigny, F., Beland, E., and 
.‘tf-iyo, 11., /.'Rdoorinoto/?!/, letC, I}8. gor,. 
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an air-hunger type of respiration and died 
on the fifth day. 

3. The experiments indicate the ability of 
a dithiol when given to normal dogs in an 
appropriately large amount per kilo to induce 
an hepatic injury which is characterized by 
fatty degeneration of the hepatic epithelium 
and rarely by a necrosis of this tissue. Such 


observations do not necessarily imply tliat 
a similar order of cellular injury would be 
induced in the dog under the influence of an 
intoxication by salts of certain of the heavy 
metals. Such bodies offer a bond of union 
for the dithiols which in turn may prevent 
a to.vic effect which thej' are capable of in- 
ducing in tissues of normal constitution. 
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Influence of Diet upon the Hypertension and Nephrosclerosis Produced 
by Desoxycorticosterone Acetate Overdosage,*' 

J. Leal Prado,! P. Dontigny,! and H. Selye. 

From the Insiitut do Mcdccinc ct Chirurgie Experimcntales, Universite do Montreal. 


We have reported in a previous papeH 
that the hypertension and nephrosclerosis 
produced by administration of large amounts 
of anterior pituitary preparations may be 
prevented by decreasing the protein content 
of the diet from the normal of about 25% 
to 15%, In that publication attention was 
also called to the fact that adrenal enlarge- 
ment was always marked in the hypertensive 
animals, which had been kept on a high pro- 
tein diet, but was much less pronounced in 
the normotensive ones, which were given a 
low protein ration. 


In order to clarify further the mechanism 
by which dietary protein affects the pro- 
duction of hormonal hypertension, we have 
now investigated its role in the production of 
the hypertension and nephrosclerosis induced 
by deso.vycorticosterone acetate overdosage. 

Material and Methods. Production of hy- 
pertension. Hooded castrated male rats, 
weighing 45 to 65 g, were unilaterally ne- 


« Tiiis work iras supported by .t grant front tlie 
Commonwenltb Fund. 

I Cannda-Br.azil Trust Fund FcUotv, from the 
Labomtory of Endocrinology, Instituto Butantan, 
Sao Paulo, Brazil. 

1 Canadian National Research Council Fellow. 
iDontignyi P-> 

Selye, H., in press. 


phrectomized and implanted subcutaneously 
with two 40 mg pellets of desoxycorticosterone 
acetate (DCA). The animals were then 
divided into 2 groups: one received a 30% 
(Diet I), the other a 15% (Diet II) casein ra- 
tion, both containing a large amount (4%) of 
NaCl, (for details see Table I). At the end 
of 40 days the surviving animals were killed 
and their kidneys and adrenals weighed and 
sectioned for histologic study, after fixation in 
‘‘Susa’’ mixture. Eight animals in Group I 
and 5 rats in Group 2 were killed on the 20lh 
day. 

Blood pressure determinations. The blood 
pressure was determined by carotid cannula- 
tion (care being taken to avoid hemorrhages) 
on a representative number of rats on the 
20th day of the experiment and in all sur- 
viving animals the day before autopsy, ex- 
cepting 3 animals in which we missed the 
determinations. In order to spare the animals 
no control determinations were performed at 
the beginning of the e.xperimental period; 
this appeared permissible as we had previously 
established^ that the normal blood pressure 
of such rats, under our conditions, is lOS 

14 (standard deviation) mm Hg. Statisti- 
cal considerations revealed that lOS ± 2S 
mm Hg would include 95% of all norma! 
rats, hence 135 mm Hg was taken as the high- 
est normal blood pressure. The direct method 
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TABLE I. 


Composition of Two Basic STHthetic Diets. 

(Parts per cent.) 


Diets 

I 

n 

Casein 

30 

15 

Com starch 

59 

74 

Fat 

1 

1 

Co<l liver oil 

1 

1 

Balk 

1 

1 

Sodium chloride 

4 

4 

Mineral mixture 

4 

4 

Supplements: 

Thiamine chloride 


0.8 ra^/lOO c diet 

Riboflavin 


>> a 

Pyridoxine 


jj j> 

Ca pantothenate 


4.0 ” 

nicotinic acid 


LO ” 

Choline chloride 


100 ” 

Tocopherol acetate 


10 mg/rat/wcekly 

of blood pressure 

determination gives the 


mean pressure only. 

Kidney lesions. The incidence and severity 
of the kidney lesions were estimated by a 
procedure previously described.® 

Diets. The complete composition of the 
diets employed is given in Table I. 

Experiments. In a first series of e-tperiments 
each group consisted of 15 rats. The e.\-peri- 
ment was then repeated with 10 animals in 
each group. The results were almost identical 
and will therefore be described conjointly. 

Since under certain conditions' choline 
chloride appeared to counteract the hj-per- 
tensive action of anterior pituitary^ prepara- 
tion, an additional group of 10 rats was 
treated e.vactly as those on Diet I but they 
received 10 times the amount of choline 
chloride indicated in Table I. 

Results. Table II summarizes our results. 
The average hypertension gii’en in Table II 
refers to the average of the hypertensive 
animals only. It seemed appropriate to us 
not to include in the calculation the few 
normotensivc rats, in order to obtain the true 
hypertensive average. 

Confirming prerious findings of this labor- 
atory'- it may be seen in Group 2 that the 
implantation of DC.A produced a marked ele- 
vation of the blood pressure. This hyper- 

2 Selvc, n., and Pentz, E. I., Cnnod. If. A. J., 
1943, 49, 204. 

3 liar, E. C., and .S’e^in, p.. Jm. J. Physiol., 
1940, 147, 299. 


tension, which was present in almost all 
animals, was completely established on the 
20th day of the e.\periment; it persisted for 
a period of at least 20 days which elapsed 
between the two blood pressure determina- 
tions. The kidney lesions in this group were 
also very prominent, as judged bj' the high 
incidence and severity of the pathologic 
changes. 

We wish to emphasize particularly that a 
15% casein diet does not pre%-ent the pro- 
duction of hypertension and nephrosclerosis 
under these conditions. In fact our results 
show that at the end of 40 days 100% of 
the animals in Group 1 were hypertensive, 
with an average blood pressure of 161 mm 
Hg and had as marked kidney- lesions as in the 
30% casein group. 

Ten times the usual amount of choline 
chloride (Group 3) effected no detectable 
improvement. 

Discussion. Our earlier e.vperimenrs' showed 
that the hypertension produced by anterior 
pituitary overdosage is prevented by a 15% 
casein diet; the present observatioas indicate 
that DC.A-hypertension, on the other hand, 
cannot be prevented in this manner. .Accord- 
ing to the working hypothesis prevalent in 
this laboratory, the anterior pituitary in- 
creases the blood pressure by stimulating the 
adrenal cortes,'*''' Since it now appears that the 
DC.A-hypertension is obtained even on low 
protein diets, it is probable that the site of 
action of dietary proteins is between the 
pituitary and adrenal cortex; either proteins 
increase the efficacy of the corticotrophic 
hormone or they stimulate corticotrpphin 
production. Experiments on hypophysecto- 
mized rats are now under way in this In- 
stitute to elucidate this last-mentioned point. 

Choline chloride had no influence upon the 
establishment of hypertension by DC.A over- 
dosage. 

Summary. While the hypertension and ne- 
phrosclerosis produced in the rat by anterior 
pituitary preparations are prevented by low- 

rSelye, B., aoT Etone, H., J. Vroloyy, 194C, 
56, 399, 

snail, C. E., Dontigny, P., Belaud, E., and 
Sclye, H., 'Endocrinology, 1946, .18, 296. 



448 


C. N. S. Effects of Dithiobtoeet 


TABLE ir. 

Effect of Dietary Protein Concentration upon Hypertension and Ecplirosclerosis Produced by Dcsoxy- 

corticosterone Acetate Overdosage. 

(Averag es and standard errors.) 

Hypertensive mean pressure 

Ho. rats Hepbrosclerosis ^ \ 

at end of , , Avgbypert.f %bypcrt. 

Groups exper. Diets* Pinal body wt lucid. Severity , rats. 40 days 

% % 20 days 40 days % 


15% casein 

130 Hr 5.2 

100 

79 

' 154 ±2.7 

161 H- 3.8 

100 

30% " 




(19) 

(15) 

82 

135 ± 7.0 

100 

79 

100 -t- 3.0 

157 H- 5.9 




(25) 

(11) 


30% ” 

144 rt 7.3 

100 

79 


163 ± 9.9 

87 


+ 10 X oboline cM. (8) 


* Diets I and II. 

t Figures in parentbescs refer to number of determinations. 


protein diets, the otherwise similar lesions 
induced by deso.xycorticosterone overdosage 
are largely independent of the dietary protein 
intake. 


We arc grateful to the Scliering Corporation of 
New Jersey for desoxj-corticostcrone acetate and to 
Misses L. Derome and T. Hansen for tccJmica! 
assistance. 
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Effects of Dithiobiuret on the Central Nervous System.*! 

Sol Altschul. (Introduced by W. S. McCulloch.) 

From the Department of Psychiatry, University of Illinois College of Medicine, 
Illinois N euro psychiatric Insiilute, Chicago. 


Astwood cf al.^ reported that 0.002%. 
solution of dithiobiuret, substituted for drink- 
ing water, paralyzed and killed rats in 7 
days although each took less than .5 mg per 
diem. Peripheral nerve, myoneural junction 
and muscle were normal in function. Muscle, 
peripheral nerve, brain, spinal cord, root and 
ganglion were microscopically normal. On 
return to drinking water, the animals prompt- 
ly recovered, but while paralyzed, strs^chnine 
failed to induce convulsions. Effects of di- 


* Tbe author is indebted to Dr. B. 0. Boblin of 
the American Cj-anamid Co., for placing ditWo- 
biuret at Ms disposal. 

t The work presented in this paper was done in 
partial fulfillment of the requirements for the 
degree of Master of Science in the Graduate School 
of the University of Dlinois. 

1 Astwood, E. B., Hughes, A. M., 

Vauderlaa, W. P., and Adams, B. D., Science, 1. 4o, 

103, 190. 


thiobiuret on corte.v and convulsant threshold 
is reported here. 

Method. Dithiobiuret, prepared by the 
American Cyanamid Co., is sparingly soluble 
in water and as it goes into solution smells 
of hydrogen sulfide. Saturated solutions in 
saline or distilled water were used for local 
applications, intramuscular and intravenous 
injection, and 0.001 and 0.002% in tap water 
orally' and intraperitoneally. 

Two dogs, 3 cats and a fourth that had 
received 5 cc saturated solution intramuscular- 
ly for 8 days were used to determine effects 
of dithiobiuret w'hen applied to corte.'c and 
injected intramuscularly' or intravenously' in 
animals under DiaJ.l Electroencephalograms 
of the fourth cat and one rat that had re- 
ceived 0.002% dithiobiuret for 9 days were 

} The author wishe.s to thank Ciba Ph,ann,aceu- 
tical Products who kindly supplied this drug. 
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TABliE I, 


Rat 

Hosagc and mute 
g/TOO cc 

Toxic change seen in rate 

Threshold' 
prior 
to drug, 
volts 

Threshold* 
prior to 
toxic changes 
volts 

Threshold* 

during 

toxic changes, 
volts 

1 

.002 

oral 

severe 

27.9 1 

oOt 

70-751 

■1 

jy 

77 

’ ’ (died) 

45 

50-55 

70 

5 

J 7 

7 7 

slight 

45 

50 

55 

7 

? ? 

7 7 

severe (pregnant) 

” (died) 

40-45 

oo 

70-75 

li 

7 7 

7 7 

— 

— 


15 

7 7 

7 7 

7 7 77 

— 

— 


115 

7 7 

• 1 

slight ’ ’ 

— 

- — 



20 

7 7 

7 7 

died before results obtained 

— 

— 

— 

21 

7 7 

7 7 

severe 

— 

— 

— 

oo 

77 

7 7 

77 

— 

— 



8 

.002 

I.P. 

slight (died after inj.) 

— 

— 

90 

9 

> 7 


severe 

— 


10 

77 

77 

77 

— 

— 

65 

O 

.001 oral 

not toxic 

40 

50 

— 

3 

7 7 

7 7 

severe 

4G 

45 

65 

G 

7 7 

77 

slight 

45 

50 

75 

17 

77 

77 

not toxic 

— 

— 

— ' 

IS 

77 

77 

77 77 

— 

— 

— ' 

19 

7 7 

7 7 

7 7 7 7 

— 

— 

— ' 

11 

.001 

I.P. 

severe 

— 

— 

S0-S5 

12 

J 7 

77 

77 

— 

— 

70 

13 

77 

)7 

77 

— 

— 

SO 


* Cortical threshold to electrically induced convu Isions. 

t A copper electrode rras placed into the month ; in all other rats a brass electrode Tvas used. 
I.P. Jntraperitoneal, 


taken to determine effects of prolonged ad- 
ministration. Normal animals vrere used as 
controls. Electrical activity of cortex vras 
recorded by a d-channel Grass electroence- 
phalograph. 

Rats tvere used to determine effects of 
dithiobiuret upon cortical threshold to elec- 
trically induced convulsions. Convulsions were 
produced bt- a Goodm'n. condenser discharge, 
stimulators' with one electrode placed into 
the mouth: the other on the vertex of the 
scalp. Voltage was varied from 25 to 90 volts 
in 5 volt increments, while frequency' of 
stimulation was 120 per sec. and time dura- 
tion of the falling phase of each stimulus 
was 0.5 millisec. Duration of stimulation in 
all cases was 5 sec. and the inter\-al between 
attempts to induce convulsions was 20 to 
30 min. Cortical threshold to electrically in- 
duced convulsions was defined as voltage 
(other factors remaining constant) required 
to produce toni-clonic aetb-ity lasting more 
than 5 sec. after stimulation. Sixteen rats 
received unrestricted amounts of dithiobiuret 

{ The Good^rin Stimulator used in this study vras 
obtained through the courtesy of liab-Tromcs, Inc. 


orally and 10 rats received daily 10 cc doses 
of dithiobiuret intraperitoneally. Four rats 
given 0.002 and 3 rats 0.001^ dithiobiuret 
orally were used to determine cortical thresh- 
old before., during, and after administration 
of the drug. Two rats receiving 0.002 and 
3 rats 0.001 dithiobiuret intraperitoneally 
were used to determine cortical threshold 
only after to.xic changes were seen. (Table I), 
After toxic changes in the animals were noted, 
10^ glucose in 10 cc doses were injected 
intraperitonealh'. One dose was given to each 
of 6 rats and 2 doses were given to each of 
2 rats. 

Results. Electroencephalographic tracings 
of 4 cats and 2 dogs did not change after 
local application of dithiobiuret or after single 
intravenous and intramuscular injections of 
saturated solutions of dithiobiuret in doses 
ranging up to 100 cc. Prolonged administra- 
tion of dithiobiuret in one cat and one rat 
failed to produce any significant difference 
in electrical activity of cortex from that of 
normal animals. 

The following progressive physical changes 
were noted in rats 5 to 12 days after the 
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initial dose of dithiobiuret. First was a de- 
creased ability to use their hind limbs, as 
indicated by a shuffling gait; the animals 
would lie still most of the time, unless their 
tails were pinched. Next, they completely 
lost the ability to use their hind limbs. 
Finall}^ the rats could not move at all and 
died. After toxic changes were first seen, it 
took from 2 to 7 days for severe changes and 
death to occur. A slight toxic reaction was 
defined as the beginning disturbance of gait, 
while a severe reaction was defined as an 
inability to use the hind limbs. Of 10 rats 
receiving 0.002% orally, 7 showed severe 
reactions, 2 showed slight reactions while one 
died before changes were noted. Five rats 
receiving daily intraperitoneal doses of 10 
cc of either 0.001 or 0.002% solutions showed 
the same severe changes, which appeared 
however, a few days earlier. A sixth rat on 
0.002% intraperitoneally died shortly after 
an injection, but had already displayed slight 
effects to previous doses. Of 6 rats on 0.001% 


after toxic changes had been observed, the 
increase in cortical threshold ranged from 
20 to 45 volts, with an average increase of 
28 volts over the average cortical threshold 
of animals tested prior to administration of 
the drug. The form of the convulsions changed 
when the animals became intoxicated. Non- 
intoxicated rats responded to stimulation with 
tj'pical toni-clonic seizures, while seizures in 
intoxicated rats were decreased in intensity 
with some animals showing sustained tonic 
seizures followed by minimal clonic move- 
ments. In these animals the voltage was 
raised until a grand mal type reaction oc- 
curred. 

Recovery was not hastened b}'’ one or two 
daily intraperitoneal injections of 10 cc of 
10% glucose. 

Dhcnssion. The effects of dithiobiuret in 
raising the cortical threshold ■ to electrically 
induced convulsions is great only when the 
rats are almost paralyzed. 

Since no change in electrical activity of 


orally, only 2 showed toxic effects. 

With respect to the cortical threshold II to 
electrical!}' induced convulsions, the follow- 
ing results were noted. Prior to administra- 
tion of dithiobiuret, 6 rats displayed t}'pical 
toni-clonic muscular contractions of a grand 
mal type after stimulation at approximately 
45 volts. A seventh rat had a cortical thresh- 
old of 28 volts. A copper electrode, how'ever, 
was placed into its mouth while in all others 
a brass electrode was used. In these 7 rats 
stimulated after the drug had been given and 
before toxic changes were seen, a change 
in cortical threshold varying from a decrease 


of one volt to an increase in 20 volts was 
noted (Table I). The average change was 
a 6-volt rise in threshold. These same animals 
when showing toxic effects had a rise in the 
cortical threshold of 10 to 45 volts, with an 
average rise of 26 volts. The rat showing only 
10 volts change died before severe toxic 
effects were present. In 5 animals, tested only 


tureslioia” is used in tiie 
nccoptcd manner, Uut since .n non-Wocking nmpUficr 
;<>s not nv.-.ilaWe for recording local changes cor- 
tical discli.argcs that were blocked at a loner level, 
St have occurred prior to observed seizures. 


cortex was detected in 4 cats, 2 dogs, and one 
rat after administration of dithiobiuret, the 
action can not be based on a disturbance in 
the electro-chemical system of the cortex 
responsible for the electroencephalogram. 

.4stwood et al. demonstrated that strych- 
nine failed to induce convulsions in animals 
paralyzed by dithiobiuret. This, plus findings 
of ascending spinal paralysis in animals able 
to respond to painful stimuli, seems to in- 
dicate that dithiobiuret produces a functional 
change in the efferent system of spinal cord. 

Summary. The effects of dithiobiuret on 
electrical activity of cortex were tested upon 
4 cats, 2 dogs, and one rat. Normal animals or 
the same animals were used as controls. 
Twenty-two rats -were used in chronic ad- 
ministration and 12 of these rvere used to 
determine cortical threshold to electrically 
induced convulsions. The significant findings 
were: (1) a lack of detectable electroence- 
phalographic change in cortical activity of 
animals tested after immediate or prolonged 
administration of dithiobiuret, (2) cortical 
threshold to electrically induced convulsions 
of rats was raised by an average of appro.x- 
imately 26 volts and (3) the form of con- 
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vulsion in intoxicated rats was altered. 

Conclusion. Dithiobiuret is an effective 
anti-convulsant in rats only when they are 
intoxicated. The site of action of dithiobiuret 


is within the central ner\-ous system; the most 
probable site is the efferent system of the 
spinal cord. 
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Specificity of Eczematous Hypersensitivity to P-Aminobenzoic Acid 
Butyl Ester (“Butesin”). 

Edw'ard L. Laden and Louis Rubin, (Introduced by S. Rothman.) 

From the Division of Dermatoiogy, Department of Medicine, University of Chicago, Chicago, lU. 


The present study was carried out on a 
15-year-old boy who was originally seen for 
a contact dermatitis resulting from the ap- 
plication of butesin picrate ointment to a 
burn on the wrist. Routine patch test uith 
the commercial ointment, which contains 
1% butesin picrate, yielded a strongly posi- 
tive reaction with marked reddening, edema 
and vesiculation. 

Experimental and results. Patch tests were 
carried out in this patient with a series of 
related compounds in order to establish the 
range of specificity of this reaction. The ma- 
terials studied were dissolved in triethanol- 
amine in concentrations. The patches 

were removed after 4S hours and the reactions 
obseived for another 48 hours. 

Patch tests with a series of homologous 
p-aminobenzoic acid alkyl esters including 
methyl, ethj'l, n-propyl, isopropid, n-butjd, 
isobutyl, and amyl esters yielded positive re- 
actions. Para-aminobenzoic acid and the al- 
cohols which constitute the side chains of 
the esters yielded negative results. No re- 
action was obtained with the methyl- ester 
of meta aminobenzoic acid. 

Six commercial anesthetics which are de- 
rivatives of p-aminobenzoic acid with a ter- 
tiary amine in the side chain were tested with 
negative results. This series included procaine, 
larocaine. tutocaine, monocaine, butyn and 
pontocaine. 

Eight local anesthetics, benzoic acid esters 
with a tertiarj' amine in the side chain but 
without an aromatic amino group, were tested. 


TABLE I. 

Effective Threshold Concentrations of p-amino- 
benzoic Acid Alkyl Esters. ^ 


Ester 

Effective tbresbolil 
concentrations 

lletlivl 

1 

: 102 : 

Ethyl (“bcnzocaine”) 

1 

: 100 

Propyl 

1 

: lOS 

Butvi ("butesin”) 

1 

: 100 

Amyl 

1 

: 106 

Isopropyl 

1 

: 100 

Isobutyl 

1 

: 103 


These were alypin, metycaine, stovaine, nuper- 
caine, diothane, phenacaine, apothesine and 
intracaine. All gave negative reactions. 

The 7 substances which elicited positive 
reactions were then tested quantitatively to 
determine threshold concentrations at which 
a just perceptible reaction occurs. (Table I) 

The table shows that the sensitivitj' to the 
methyl ester was relatively low. The sensitiv- 
ity increased with lengthening of the side 
chain to reach a maximum with the propid 
ester. Further lengthening of the side chains 
resulted in a decreased sensitivity. The iso 
compounds caused in both cases consider- 
ably less reaction than the isomer n-com- 
pounds. 

Discussion. There are only a few studies 
dealing with multiple epidermal sensitivity. 
In one group of the studied cases, contact 
dermatitis can be provoked in a rather hap- 
hazard fashion bj* a number of not closely 
related compounds.*-^ In the other group, 
however, the sensitivity has a rather narrow 
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range within a well defined chemical con- 
figuration.^'^’^’® Such sensitivity patterns have 
been perfectly identical in' different persons 
and therefore may be regarded as essential in 
the mechanism of the sensitization. In the 
group of procaine sensitive patients, for in- 
stance, 3 cases have been reported in which 
the sensitivity was restricted to those p- 
aminobenzoic acid derivatives which contain 
a tertiary amino nitrogen in the side chain.^-® 
The case herein described is similar to 3 
cases reported by Schwarzschild^ in which 
the sensitivity pattern was restricted to the 
alkyl esters of p-aminobenzoic acid. Schwarz- 
schild reported in one case that the methyl 

•1 ScUwarzschild, L., Arch. Vermat. tind Syph., 
1928, 156, 432. 

2 James, B. M., J. A. M. A., 1931, 97, 440. 

3 Goodman, M. H., J. Invest. Vermat., 1939, 
2, 53. 

4 Strauss, M. J., J. Invest. Vermat., 1947, 8, 403. 

SEostenberg, A., and Kanof, N, M., J. Invest. 

Vermat., 1945, 6, 201. 

BEothman, S., Orland, B. J., and Blesch, P., 
J. Invest. Vermat., 1945, 6, 191. 


ester of p-aminobenzoic acid caused con- 
siderably less reaction than the ethyl, propyl 
and isobutyl esters. 

A repeatedly encountered feature of these 
group sensitivities is that maximum sensitiv- 
ity is found not with the actually sensitizing 
compound but with one of the related homo- 
logues.'*'® This was the case in the present 
observation. The patient was sensitized to 
the butyl ester but was 100 times more sen- 
sitive to the propyl ester with which he ap- 
parently never had contact before. The sen- 
sitivity patterns studied so far in eczematous 
reaction can be well explained by Pauling’s 
theory of antibody formation." 

Summary. A case is reported with eczem- 
atous hypersensitivity restricted to alkyl 
esters of p-aminobenzoic acid. No reaction 
was obtained with substances deviating from 
this basic structure in the ring or in the side 
chain. 


1 Pauling, Ii., Campbell, D. H., and Pressman, D., 
FhysM. Sev., 1943, S3, 203. 
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Mydriatic Activity of Some New Synthetic Anticholinergic Esters.* 

A. M. Lands,! K. Z. Hooper, H. M. McCarthy, and R. F. Feldkamp.* 

From the Pharmacological and Organic Sesearch Laioratories, Frcderich Stearns and Company, 
Vivision of Sterling Vriig, Inc., Vetroit, Mich. 


Numerous publications during recent years 
have indicated that mydriasis and cyclo- 
plegia may be brought about by drugs that 
are primarily anticholinergic in action. Ny- 
man’^ determined the relative mydriatic ac- 
tivity in man of various alkaloidal and syn- 
thetic substances. Scopolamine, 1-hyoscy- 
amine and atropine methyl-nitrate e.xceeded 


the assistance 

inss Bernice L. Dertinger in the preparation of 

tpSIntTdd^^ifstwBng 

Plmol. Scand., 1942, 

supph, 10. 


the activity of atropine whereas synthetic 
agents such as trasentine, euphthalmine and 
di-n-butylcarbaminoylcholine sulfate (dibut- 
oline) are distinctly less active. Fromherz- 
found that the diphenylglycolic acid ester of 
y-diethylamino-^j^-dimethylpropanol would 
produce maximum mydriasis in rabbits when 
instilled into the conjunctival sac in a con- 
centration of 0.2%. Swan and IVhite® have 
described the mydriatic activity of dibutoline 

2 Promherz, K., Arch. f. exp. Path. a. Pharmahol., 
1933, 173, SC. 

3 Swan, K. C., and White, N. G., J. Pharm. Fxp. 
Xhcrap., 1944, 80, 285; Areh. Ophth., 1944, 31, 
289; Am. S. Ophth., 1944, 27, 933. 
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TABUS I, 

Spasmolytic Action of Antieholincrgie Drags. 




Spasmolytic action against 
acetylcUolinc induced contractures 

Drug 

Structure 

(Isolated segments of r.abbit ileum) 


G12 ^-Dietliylaminoetliyl 4i-ot-tliienylacetate HCl 3 M* 

1565 p-Diot!iylaminoetliyl di-a-tUienylglycolato HCI 50 JX 

606 p-DietiiylainmoetUjT plienyl-a-tiuenylacetate HCl 4 IX 

600 /S-Dietliylammoetliyl phenyl-a-thienylglycolate HOI 60 M 

1597 ;3-Dietliylamiiioetliyl cydohexyl-a-tWenylacctate HCl 17 M 

623 p-Dletliylaminofithyl cyelohexyl-a-thicnjiglycolate HCl 100 SX 

Trasontino jl-Dletliylnminoethyl tliphenylacetatc HCl 1 IX 

109 jS-Dictliylaminoothyl Oiplienylglycolate HCl 33 II 

Atropine sulfate SO 


* Dilution of tlie drug in parts per million. 


and recommend a concentration of 7.5% for 
clinical use. Ing, Dawes and Wajda'* deter- 
mined the mydriatic activity in mice of a 
large number of new synthetic compounds 
and found several to be more potent than 
atropine. However, since these drugs were 
given intraperitoneally, direct comparison 
cannot be made with results obtained in 
other investigations of mydriatic substances 
wherein the material was applied externally 
to the eye. 

Lands, Nash and Hooper® described the 
pharmacology of a series of anticholinergic 
esters containing a few drugs with marked 
mydriatic effects. The synthesis of additional 
mydriatic drugs has permitted this laboratory 
to carry out further experiments in an effort 
to develop synthetic substitutes for atropine 
and homatropine. A portion of the results 
obtained is described in this communication. 

Results. All drugs were screened for anti- 
cholinergic activity by determining the dilu- 
tion required to abolish acetylcholine con- 
tractures in isolated intestinal segments of 
the rabbit (Magnus), as previously described.® 
Results obtained are shonm in Table I. Esters 
of acetic acid, disubstituted by phenyl, cyclo- 
hexyl, or cE-thienyl groups, or comhinatiom 
thereof, were tested for anticholinergic ac- 
tivity. Disubstitution in the acetate portion 
by unlike groups, such as phenyl /a- thienyl 
(No. 606) or cyclohexjd/a-thienyl (No. 

A Ing, H. R., D.WCS, G. S., and Wajda, fsabelle,' 
J. Pham. Exp. Therap., 1945, 83, 85. 

6 Hands, A. St., Hash, V. H., .and Hooper, K. Z., 
J. Pharm. Exp. Ihcrop., 1946, 80, 129. 


1597), in the group of compounds tested, gave 
compounds which were more spasmolytic than 
either the corresponding diphenyl (trasen- 
tine) or di-ct-thienyl analogues. The esters of 
disubstituted hydroxyacetic acid tested were 
from 6 to 33 times as spasmolytic (anti- 
cholinergic) as the nonhydroxy compounds. 
The most active compound, ^-diethylamino- 
ethyl cyclohexyl-a-thienylglycolate HCl (No. 
623) exceeded atropine sulfate in spasmolytic 
potency. 

Mydriatic action was determined in albino 
rabbits selected at random from our colony. 
The drugs, dissolved in distilled water, were 
instilled directly into the conjunctival sac; 
the eyes were held closed for one minute and 
upon release the excess drug was allowed to 
drain away. The pupillary response to strong 
direct illumination (100-watt electric light 
bulb with reflector held near the eye) was 
determined before and at intervals after 
drug instillation. The results obtained are 
shown in Table II. In general, mydriatic po- 
tency parallels spasmolytic potency. The di- 
substituted acetates, trasentine, No. 612, No. 
606 and No. 1597 produce incomplete mydri- 
asis when used at a concentration of 0.5 to 
2.0%. The corresponding glycolates are ef- 
fective mydriatics. No. 623 produces definite 
mydriasis in rabbits at a concentration of 
0.02%. A 0.1% solution produces maximum 
mydriasis lasting more than an hour with 
some mydriasis lasting more than 7 but less 
than 24 hours. With a 1.0% solution there 
was prolonged mydriasis, corneal anesthesia 
and moderate irritation of the conjunctival 



TABLE II. 

Mydriiitic Action of Anticliolinergio Drugs. 
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membranes. None of the synthetic drugs 
described here is more mydriatic than atropine 
sulfate. 

Because of limited solubility of the hydro- 
chloride, other salts were prepared and tested. 
Results obtained are shown in Table III. The 
nitrate is completely soluble in water and 
equals the hydrochloride in its mydriatic po- 
tency. A 1.0% aqueous solution of this salt 
is slightly irritant to the conjunctiva but 
causes no demonstrable damage to either 
the cornea or conjunctiva. Solutions at a 
concentration of 2.0 and 5.0%, made isos- 
motic to tears by adding glycerine, were 
instilled into rabbit eyes daily for 5 days. 
At the end of the test period the eye was 
bathed with sodium fluorescein and the cor- 
nea e.vamined for damage. Irritation was slight 
with the 2.0% solution and there were only 
a few fluorescent areas on the corneal surfaces. 
These were small, being about 1-5 mm in 
diameter. They disappeared rapidly after 
treatment was discontinued. The 5.0% solu- 
tion, similarly applied, caused edema and 
hyperemia of the conjunctiva and nictitating 
membrane and by the 5th day of treatment 
there was a large amount of mucoid discharge 
and cloudiness in the corneas of the treated 
eyes. This cloudy area covered half of the 
corneal surface from the inferior corneal mar- 
gin upward and was strongly fluorescent when 
bathed with sodium fluorescein. Recoverj’^ was 
rapid after medication was discontinued and 
by the 4th day no evidence of corneal damage 
or irritation could be found. 

Gilman ct alp have described significant 
local anesthetic effects for ^-diethylamino- 
ethyl diphenylglycolate HCl and related struc- 
tures. The local anesthetic effect of a few 
of the drugs in our series has been deter- 
mined in albino rabbits. The drugs were 
dissolved in distilled water to make a 1.0% 
solution of the hydrochloride salts and in- 
stilled directly into the conjunctival sac of 
the rabbit eye, as described above for the 
determination of mydriatic action. The me- 
dial surface of the cornea was touched lightly 

c Gilman, A., Goodman, L., Thomas, J. M., Hahn, 
G. A., and Prutting, J. St., J. Tharm. Exp. Thcrap., 
1942, 7-1, 290. 


with a blunted pencil at 2- to 5-minute 
intenmls after drug application. The absence 
of the wink refle.v was taken as an indication 
of anesthesia. The results obtained were: No. 
606 — 20 min.; No. 600 — 18 min.; No. 109 — 
5 to 20 min.; No. 623 — 43 min. Gilman et 
al.^ have reported that No. 109 and trasentine, 
in a 2.0% solution, cause corneal anesthesia 
for 18 and 21 minutes. No. 606 and 600 
appear to have comparable anesthetic effects. 
No. 623 is distinctly more anesthetic than 
the above drugs. 

Dhcnssion. Lands et a!.^ have shown that 
3-diethylaminoethyl acetate has a cholinergic 
action on the isolated intestinal segment. 
Anticholinergic action was observed in those 
compounds containing an hydroxyl and 
phenyl, cyclohexyl or a-thienyl groups on the 
acetate portion of the ester. High spasmolytic 
potency against acetylcholine induced con- 
tractures was associated with high mydriatic 
potency. Both actions appear to be the result 
of “blocking” at the cholinergic receptors of 
the effector cells. Direct comparison of rela- 
tive effects on these two types of cells is 
difficult because of the differences in methods 
used for studying and evaluating the actions 
described here. The determination of my- 
driasis was by direct instillation of drugs 
into the conjunctival sac. The actual con- 
centration of drug in the aqueous humor 
would be influenced greatly by the rate at 
which it passed across the corneal barrier 
and by the rate of absorption from the aque- 
ous humor. On the other hand, the isolated 
intestinal segments were bathed directly by a 
known concentration of drug. However, it 
should be noted that drugs with low potency 
for the intestinal segment were also poor my- 
driatics (No. 612, 606 and trasentine). 

Blicke and Kaplan' have reported results 
obtained by Dr. John G. Beall with a large 
group of mydriatic drugs synthesized by 
them. They report that a 2.0% solution of 
the y - dimethylamino-^, ^-dimethylpropanol 
esters of mandelic, g-phenyl-a-hydroxypropi- 
onic, ^-phenyl-^-hydroxjqwopionic and p,- 
^-diphenyl-^-hydro.xypropionic acids are with- 

~ BUcke, F. F., and Kaplan, H. H,, J. Am. cli^. 
Soc., 1943, C3, 19G7, 
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out mydriatic action -whereas the esters of 
-the corresponding tropic and benziiic acids 
are strongh' mydriatic. The importance of 
the structure of the acid portion of the mole- 
cule is similarly emphasized in our series. 
The mydriatic and spasmolytic potencies of 
the ^-diethylaminoethyl glycolates described 
here were much greater than those found for 
the corresponding acetates. Although two of 
the drugs described by us (Nos. 600 and 623) 
have spasmolytic action e.'cceeding that of 
atropine, none is as strongly mydriatic as 
atropine. The reasons for this discrepancy are 
not readily apparent. 


Summary. The p-diethylaminoethyl esters 
of di-a-thienjd-, diphenyl-, phenyl-a-thienyl- 
and cyclohexjd-a-thienylglycolic acids are 
anticholinergic drugs with significant mydri- 
atic action. Of these, the cyc]ohe.\T]-a-thieny!- 
gl^'colic acid ester (No. 623) is the most 
mydriatic substance. The nitrate salt of this 
ester is very soluble in water and causes only 
small damage to sensitive tissues when used 
daily for several days at a concentration of 
1.0 or 2.0%. It is suggested that this sub- 
stance may have clinical applications as a 
mj’driatic and C3-cloplegic agent. 
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Enzyme Studies on Human Blood. I. Proteolytic Activity Associated 
with a Fraction of Plasma.* 


George Y. Shinowara. (Introduced by Emmerich von Haam.) 

From 'the Department of Fathology, College of MeHiciiie, Ohio State University, Cohimlus, 0. 


The demonstration of the proteolytic en- 
zyme activity of the blood serum and plasma 
has attracted the attention of many workers 
since Dastre* originally inferred such an ac- 
tivity in serum. Delezenne and Pozerski- re- 
ported the proteolytic activity of serum which 
had been shaken with chloroform. Tagnon®-^-' 
studying this problem more thoroughly found 
that this enzyme is an euglobulin. Tillett and 
Garner® extracted from cultures of hemolytic 


* The protein fractions and the dried whole 
plasma were obtained through the courtesy of Pr. 
E. J. Cohn. They -n’ero prepared in collaboration 
between tlie Pepartraent of Physical Chemistry, 
Harward Medical School, Boston, Mass., and the 
Pivision of Biologic Laboratories of tlie Massa- 
chusetts Pepartment of PubUe He.alth from blood 
collected in collaboration with the American Red 
Cross. 

1 Pastre, 1893, cited by Tagnon,3 1942. 

2 Pelezenne, C., and Pozerski, E., C. S. Soc. bioL, 


1903. 55, 690. 

3 Tagnon, H. J., Science, 194-, Oo, 334, 
4 Tagnon, H. J., Paridson, C. S., and Taylor, 
P H L , J. Ciin. Invest., 1942, 31, 52o. 
f’s Kaplan, M. H., Tagnon, H. 33 ’ 

and Taylor, E. H. L., CUn. Invest., 194., -1, o33. 


Streptococci a substance capable of dissolving 
fibrin clots. Milstone” later showed that this 
material did not act on highly purified fibrin- 
ogen and that a plasma euglobulin fraction 
was necessary for the “fibrinolysis.” Christen- 
sen^’i® and Christensen and hlacLeod* found 
that the substance isolated from the strepto- 
coccic culture acted as an activator (“strepto- 
kinase”) transforming the inactive plasma 
enz}'me (“plasminogen”) into “plasmin.” 
They believe that this “plasmin” differs from 
trypsin but is identical with the chloroform- 
activated enzyme. Ferguson ct- al.^^ employing 
“fibrinogenolysis” as an assay technic of 

G Tillett, IV. S., and G.aroer, E, L., J. Eip. Med., 
1933, 58, 485. 

~ Milstone, H., J. Immunol., 1941, 42, 109. 

S Christensen, L. S., J. Gen. Physiol., 1943, 28, 
363. 

9 Christensen, P. R., and MacLeod, C. M., J. Gen. 
Physiol, 1945, 28, 559. 

10 Christensen, L. E., J. Gen. Physiol, 1946, 30, 
149. 

11 Ferguson, J. H., Trams, B. L., and Gcrhcim, 
E. B., Pnoo. Soc. E.xp. Btou .\m) Med,, 1947, 
04, 285. 
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“tryptic'’ activity demonstrated such after 
“streptokinase” activation in Fraction I of 
human plasma. 

Much less conclusive data are available for 
the demonstration of the active enzyme -with- 
out previous treatment with “streptokinase ” 
chloroform, or other agents. Schmitz^-'^* iso- 
lated an enzyme by adsorption on calcium- 
fibrin and subsequent fractionation. It pro- 
duced a slight increase in non-protein ni- 
trogen -n-hen added to casein or gelatin. He 
postulated the existence in plasma of a 
idnase-trypsin-trypsin inhibitor system. How- 
ever, recent evidence shows certain dissimil- 
arities between trypsin and the chloroform — 
or the “streptokinase” activated-enzyme.®'^® 
Taylor ct al}^ made observations on the pro- 
teolytic activity of plasma protein fractions 
prepared by low temperature-ethanol separa- 
tion^" and without previous chloroform treat- 
ment. Qualitatively, the enzyme activity was 
tested by observing the lytic action of the 
fractions on a fibrin clot. “Plus” proteolysis 
is reported in one out of 4 whole plasma 
samples, 2 out of 6 Fraction I, and in both 
of Fraction III-2 studied. EdsalP* states that 
in Richert’s method Fraction III-2 (or HI- 
2,3) is treated with thrombin and the clot 
which forms adsorbs “plasminogen.” This, 
clot lysed spontaneously and was designated 
Fraction III-3. In 2 or 3 weeks at 0°C a 
slowly progressive proteolytic activity was 
demonstrated without the addition of any 
activator. Glazko“ also reports the proteolytic 
activity of Fraction 111-3. Christensen’® ob- 
served that fractions of serum containing 
“plasminogen” will activate spontaneously in 
the absence of chloroform or “streptokinase” 

12 Schmitz, A., Z. physiol. CJicm., 1936, S44, S9. 

laSehroitz, A., Z. physio}. Chcm., 1937, 230, 37. 

M Schmitz, A., Z. physM. Chcm., 1938, 253, 234. 

in Kaplan, M. H., J. Clin. Invest., 1946, 23, 331. 

IG Taylor, P. H. L., Davidson, C. S., Tagnon, 
H. J., Adams, JI. A., MacDonald, A. H., and Minot, 
G. R., J. Clin. Invest., 1945, 24, 098. 

IT Coin, E. J., Strong, L. E., Hughes, W. D., Jr., 
Mulford, D. J., Ashworth, J. K., Mclin, M., and 
Taylor, H. L., J, Am. Chcm. Soc., 1946, 08, 439. 

IS Edsall, J. T., Advances in Protein C/iem., 1947, 
S, 383. 

lOGlazko, A. J., J. Clin. Invest., 1947, 20, 364. 


in the refrigerator after several weeks, when 
the inhibitor content is low. 

This report concerns experiments on human 
whole plasma and its primary protein frac- 
tions separated only by low temperature- 
ethanol procedure and the demonstration of 
considerable proteolytic activity in Fraction 
I without previous treatment -with activators. 

Methods and Material. The dried whole 
plasma and its fractions were stored in a 
domestic-type mechanical refrigerator. No 
special precautions as to temperature, humid- 
ity and air exposure were taken during weigh- 
ing of samples. Unless otherwise specified, 
a test mixture consisted of equal volumes of 
2% aqueous solutions of specified protein 
fractions and 2% suspension of “C.P.” casein 
in 1/15 M Sorensen phosphate buffer of 
specified pH, both prepared on the day of 
incubation. With each test 2 controls were 
run simultaneously consisting of equal vol- 
umes of buffered casein and distilled water 
and equal volumes of protein solution and 
buffer. Each test and control mixture was 
overlayed -with C.P. toluene, 1% ol the total 
volume. As additional bacteriological control 
measure, frequent smears and cultures were 
taken. The pH -was determined with a glass 
electrode electrometer. Incubation occurred 
at 37.5'’C and the reactions were terminated 
by the addition of cold 20% trichloracetic 
acid equal in volume to the reaction mixture. 
.■\fter one hour in the refrigerator, the pre- 
cipitated proteins Avere separated by filtra- 
tion. Either acid soluble total N or “tyrosine” 
or both were determined in duplicate on one 
cc aliquots of the filtrate. The micro-Kjeldahl- 
Nesslerization and the Folin-Ciocalteu®® pro- 
cedures, as employed in this communication, 
have average approximate sensitivities of 
0.004 mg N and 0.001 mg tyrosine respective- 
ly per 1% on the transmission scale of the 
Coleman Junior Spectrophotometer. Enzy- 
matic activity is e.xpressed as the mg of acid 
soluble total N or “tyrosine” liberated per 100 
cc of the protein solution obtained by sub- 
tracting the amounts found in the enzj'me and 
substrate controls from that found in the 

20 Folia, 0., aaa Ciocaltea, V., J. BiolT C?im~ 
1927, 73, 627. 
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TABLE I. 

Control Studies on Protein Solutions and Casein Sul)stratc. 


2% protein 
solution 

Principal 

components* 

Acid soluble 

Total N “Tyrosine” 

mg/100 cef mg/100 cct 

Fraction I 

Fibrinogen 

5.0 

7.6 

” II-III 

Gamma and beta globulins 

0.8 

0.0 

” IV-1 

Lipids and alpha globulin 

0.4 

1.3 . 

” IV-4 

Alpha and beta globulins 

0.0 

0.0 

” V 

Albumin 

0.0 

0.0 

Whole plasma 


1.6 

1.0 

Casein 


16.4 

14.0 

1 


* Information dircetly from Dr. E. J. Cohn, 
f After 48 Ins at 37.o'>C, pH 7.1. 


TABLE IL 


Proteolytic Activity of Fraction I. 



Protein solution 


Erj). 

pH 

Incubation, 

hr 

Net acid soluble 

/ 1 

Total N “Tyrosine” 
mg/100 cc rag/100 cc 

2% 

I 

Bun 

1 25 

A 

6.7 

48 

150.4 


f ’ 

y ’ 

f » 

3 y 

B 

6.3 

3 y 

113.6 

120.9 

ff 

jy 

y 3 

3 3 

33 

6.7 

tf 

124.6 

167.2 

if 

31 

3 3 

3 3 

3 3 

7.1 

yy 

9.4 

24.4 

i » 

y ’ 

3 y 

3 y 

yy 

7.0 

yy 

9.6 

22.r 

}f 

33 

y y 

3 3 

33 

7.9 

y 3 

7.6 

21.8 

0.25% 

y f 

J 1 

y y 

c 

6.7 

y y 

4.4 

2.4 

1 

y 3 

3 3 

3 3 

3 t 

y t 

y y 

10.0 

9.8 

2 

1 1 

y 1 

y y 

y y 

3 y 

y t 

23.0 

27.6 


j t 

y » 

y t 

D 

3 y 

24 


14.2 

>f 

3 3 

3 3 

3 3 

3 3 

t y 

33 


01 o 

ss 

>3 

3 3 

3 3 

ft 

3 t 

48 


23.5 

1 f 

3 y 

3 1 

* 3 

ft 

7.5 

24 


17.0 

t y 

33 

3 y 

3 y 

3 3 

y y 

33 


24.0 

i f 

y y 

y y 

3 i 

y y 

f t 

48 


27.4 

y y 

r 

3 3 

3 y 

y y 

0.7 

33 


—1.3 

) y 

3 y^y 

33 

3 3 

y f 

y y 

48 


0.0 

1 y 

1 

y 1 


E 


3 y 


76.1 

y » 


y y 

“t 

f y 

7.5 

y t 


17.4 

f » 

J y 

’ 3 

AVL-20 

y y 

6.7 

y y 


18.0 

ff 

3 1 

3 y 

3 3 3 3 

yy 

7.5 

y y 


10S.8 

y y 

y y 

3 y 

186 

y y 

6.7 

y y 


D2.0 

f » 

1 1 

y » 

y f 

^ * 

7.5 

> y 


124.0 

j y 

y • 

y 3 

8/44 


6.7 

y y 


0.8 

y y 

' ' 

* * 

y y 


7.5 

y 7 


1.0 

— / 


* Inactivated for 3 min in SO'C Tv.ater bath. 

t Second sample of this preparation received from the Department of Physical Cliemistry, 


Harvard Medical School. 


izyme-substrate mixture. 

Results. Table I presents data which em- 
basize the necessity of both enzyme and 
ibstrate controls. It is shown that there 
ere present in whole plasma and Fraction I, 
Fter 48 hours incubation alone, at pH 7.1, 
ivht but significant amounts of acid soluble 
ltd nitrogen and “tyrosine.” Similar stud.^ 
-ere also made at pH 6.3, 6.i, 7.o, and /. 
dth almost identical results. It was also ob- 


served that this amount in Fraction I was 
constant whether there was spontaneous clot 
formation and subsequent clot disappear- 
ance.-* There were traces of acid soluble N 
in Fractions II-III and IV-1 and none in 
Fractions IV-4 and V. These e.xperiments 
could be duplicated. However, results with 
casein substrate alone were variable depend- 

21 Sliinowara, G. T., unpublished observations, 
1947. 
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ing on the particular lot of casein used. The 
data in Table I represent the highest values 
obtained. In this laboratory, it has been found 
that the acid soluble total nitrogen or “tyro- 
sine” of Fraction I alone and of casein alone 
increases progressively with time of incuba- 
tion. 

Table II contains data on the proteolytic 
activity of Fraction I upon casein substrate. 
Experiment A was done 10 days; B, 25 days; 
C, 36 days; and D, 39 days after receiving 
the material labeled Run 25 from the Depart- 
ment of Physical Chemistry, Harvard Med- 
ical School. Experiment E was done one day 
after receiving a second shipment composed 
of material from different runs. With each 
experiment one or more of the other fractions 
and whole plasma were run as controls. The 
summary of results in mg net acid soluble 
"tyrosine” released from 2% casein by 100 
cc of 2% solution of the specified protein at 
pH 6.3 to 7.9 and 48 hours incubation fol- 
lows: whole plasma, 5.5 to 13.8; II-III, 6.4 
to 12.0; IV-1, 0.0 to 7.8; IV-4, -4.5 to 0.4; 
and V, -10.2 to 0.0. 

The data in experiments A, B, and E, 
Table II, definitely demonstrate the high 
degree of proteolytic activity of Fraction I, 
Run 25, although of a lesser degree, and 
demonstrate that the activity is apparently 
dependent upon the period of incubation and 
the concentration of the enzyme. The one 
sample of Fraction I, Run 8/44, which did 
not show enzyme activity differed from the 
other preparations of this fraction in several 
respects; It was pure white instead of light 
amber or gray in appearance; it was more 
than 90% insoluble in water or saline; and 
did not clot upon addition of thrombin. Runs 
25, -WL, and 186 of Fraction I had clotting 
times with thrombin between 11 and 14 
seconds, whereas Run 8/44, Fraction I, and 
samples of Fractions II-III, IV-1, lV-4. and 
V did not clot in 60 seconds. 

In Experiment B, Table II, the greatest 
activity of Fraction I occurred at pH 6.7 and 
6.3, but in Experiment D, there was approx- 
imately the same amount of proteolysis at 
pH 6.7 and 7.5. Variable results in pH studies 
with Fraction I, Runs 25 (second sample 


received), A\T1-, and 186 were obtained in 
Experiment E. Therefore, from the data pre- 
sented here, it can be stated that apparently 
the enzyme in Fraction I is active near 
neutrality. It is also evident from Experiment 
D that the enzyme activity was completely 
abolished by heating the 2% solution of 
Fraction I in an SO” bath for 3 minutes 
before mixing with the buffered casein sub- 
strate. 

There was considerablj* less or no proteo- 
lytic activity in the whole plasma and the 
other fractions tested. No kinases or other 
activators were added, nor was there a pre- 
vious treatment with chloroform or fibrin 
(calcium or thrombin) formation in these 
and other experiments. 

Discussion. The direct demonstration of 
considerable proteolytic activity of Fraction 
I was made under analytical conditions in- 
tended to give minimal values: These in- 
cluded the use of both enzyme and substrate 
controls and of cold 20% trichloracetic acid 
to precipitate the proteins at the end of the 
incubation period. By careful experiments, 
Hiller and Van Slyke-- showed that increasing 
the concentration of trichloracetic acid in- 
creases the precipitation of non-protein nitro- 
gen compounds. 

The proteolytic activity of Fraction I can 
be explained on the basis that the low temper- 
ature-ethanol separation resulted in a prepara- 
tion containing the zymogen and low, if any, 
concentration of inhibitor. This explanation 
would be based upon Christensen’s^® hjpoth- 
esis that the spontaneous activation, without 
streptokinase, of “plasminogen” occurs when 
the inhibitor content is low or absent or when 
the inhibitor has been inactivated by chloro- 
form treatment of serum, resulting in a proc- 
ess which “appears to be autocatalytic in 
nature.” His hjpothesis is in agreement with 
his earlier obserxmtion® that serum fractions 
prepared by dilution and acidification to pH 
5.3 or by one-third saturation ndth ammonium 
sulfate may develop proteolytic activity with- 
out kinase or chloroform after a variable 
period of aging in the cold. The activdtv was 

22 Hiller, A., and Tan Slyke, D. D,, j, Hfol. 
Clicm., 1922, 53, 253. 
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measured by the gelatin-viscosity method. 
Christensen and MacLeod® concluded that 
these solutions of inactive serum protease 
contained little or no inhibitor. 

The higher activity of Fraction I at pH 
range 6.3-6. 7 than at 7. 1-7.9 in E.xperiment 
B, Table II requires some comment. In sub- 
sequent Experiments C and D, although sig- 
nificant degree of activity was still present, 
it had dropped appreciably. A possible ex- 
planation is that inadvertentl}'’ the protein 
sample was left outside the refrigerator for 
several hours before Experiment C and this 
occurred when only a small amount remained 
in the sample bottle. Christensen^® reports 
that in the presence of active enxyme both 
the “plasminogen” and “plasmin” are de- 
stroyed. Nevertheless, the pH studies in 
experiments B and E may have significance 
in view of Grob’s®® observation on the shift- 
ing of pH optima of leucoprotease and tryp- 
sin in the presence of serum from pH 7-8 to 
pH 6-6.5 as a result of the progressively 
weakened inhibitor effect of serum upon ex- 
posure to pH below 6.5 or above 9.7. 

Other preparations e.xhibiting activity with- 
out kinase include Schmitz’s^® calcium-fibrin 
adsorbed enzyme and the thrombin-fibrin ad- 
sorbed Fraction 111-3,^® It appears from the 
data on these preparations and that reported 
here that the understanding of the significance 
of kinase and/or zymogen in the proteolytic 
system of human plasma per se requires 


further e.xperiments with inhibitor-free kin- 
ase, and purer preparations of zx'mogen, ac- 
tive enz 3 'me, and .naturally occurring inhib- 
itors of plasma. IMoreover, it is suggested 
that the liquefaction of a fibrin clot (“fibrin- 
olj'sis”), the alteration of fibrinogen as meas- 
ured by clotting time uith thrombin (“fibrin- 
ogenob'sis”), the change in gelatin viscosity, 
and the increase in acid soluble nitrogen are 
not representative of an identical enzyme 
system. In many of the incubation e.xperi- 
ments with Fraction I alone “fibrinolj^sis” 
and “fibrinogenolysis” were observed while 
the acid soluble nitrogen did not increase 
appreciably; /.c., not more, than 2% of the 
total available nitrogen. A comparative study 
of the various criteria of proteolytic activity 
will be reported separately. True proteolytic 
activit}' (i.c., the cleavage of the peptide 
bond) of all preparations of Fraction I, which 
are water and saline soluble, is demonstrated 
in this report. 

Summary. The action of whole dried plasma 
and its primary fractions separated by low 
temperature-ethanol procedure on casein was 
investigated. No kinase was added and there 
was no previous treatment of the protein 
preparations with chloroform or any other 
agents. Proteolytic activity was demonstrated 
by determinations of acid soluble total nitro- 
gen and “tyrosine.” 

Human plasma Fraction I contains a high 
degree of proteolytic activity. The enzyme is 
inactivated at 80°C and functions at near 
neutrality. 


2S Grob, D ., J . Gen . Thysioh , 1940, 29, 219. 
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Effect of Histolyticus Infection and Toxin on Transplantable Mouse 

Tumors.* 

Raymond C. Parker, Helen C. Plummer, Charles O. SrsBENiiANN, 

AND iSlARioN G. Chapman. 

From Vic Connaught Medical Fesearch Laboratories, Vniversity of Toronto. 


The treatment of experimental and human 
tumors with bacterial infections and bacterial 
products began with the work of Busch, al- 
most 80 years ago.^ Since then, the use of 
bacterial products in the treatment of clinical 
and experimental cancer has received the 
attention of many investigators, including 
Fehleisen,- Bruns,® Coley Gratia and Linz,® 
Duran-Reynals,® Ander\'ont,' and Shear and 
his co-workers.® Brues and Shear® reported 
the treatment of 4 patients with intramuscular 
injections of a polysaccharide from culture 
filtrates of Serratia marcescens (B. prodigi- 
ostts), which had previously been shown to 
produce hemorrhage in and partial or com- 
plete destruction of sarcomas in mice. 

In previous experiments carried out by 
two of the present authors, it was demon- 
strated that in experimental Cl. welchii in- 
fections in mice,*® and to an even mote marked 
degree in experimental infections with Cl. 
hhtolytkum^^ the systematic administration 

* This investigation was supported, in part, by a 
grant from the Ontario Cancer Treatment and 
Besearch Foundation. 

1 Busch, W., Bert. htin. TToch., 1868, 3, 137. 

2 Fehleisen, Dcutsch. mcd. TToch., 1SS2, 8, 553. 

3 Bruns, P., Bcitr. Min. Chir., 1888, 3, 443. 

■1 Coley, W. B., Ann. Surg., 1891, 14, 199 j Glas- 
gow Med. J., 1936, 126, 49, 128. 

5 Gratia, A., and Linz, E., C. F. Soc. bioU, 1931, 
108, 427. 

c Dnran-Heynals, F., Peoc. Soc. Exp. Biol, and 
Med., 1933, 31, 341; 1935, 32, 1517. 

" Andervont, H. B., Am. J. Cancer, 1936, 27, 77. 

s Shear, il. J., ct al., J. Fat. Cancer Inst., 1943, 
4, 81, 99, 107, 123; 1944, 4, 461. 

0 Brues, A. M., and Shear, M. J., J. Fat. Cancer 
Inst., 1944, 5, 195. 

10 Sichenmann, C. 0., and Plummer, H., J. 
Fharm. and Exp. Thcrap., 1945, 83, 71. 

11 Siebenmann, C. 0., and Plummer, H., unpub- 
lished experiments. 


of the specific antito.xin counteracts the tox- 
emia without preventing the early develop- 
ment of the large local lesions produced by 
the lytic action of toxins of the gas gangrene 
group of anaerobes. Accordingly, it seemed 
reasonable to undertake an investigation de- 
signed (a) to destroy tumor tissue bj"- infec- 
tion with histolyticus spores, to control the 
resulting toxemia by means of a systemic 
administration of antitoxin and, finally, to 
control the infection itself by means of pen- 
icillin; (b), to destro}' tumor tissue by re- 
peated local injections of small doses of 
histolyticus toxin; and (c) to test the effect 
of histolyticus toxin on sarcoma, carcinoma 
and normal tissues cultivated in vitro. Al- 
though the results of the e.xperiments that 
were carried out do not warrant the use of 
histolyticus infection, or of partially purified 
histolyticus toxin, in the treatment of human 
tumors, it is believed that they are of suf- 
ficient theoretical interest to justify the pres- 
ent report. 

1. Sarcoma treated with viable histolyticus 
spores, followed by antitoxin and penicillin. 
Exp. A. The first experiment included thirty- 
three C57 black mice, 18 of which were in- 
oculated with a rapidly growing, transplant- 
able fibrosarcoma (Bar Harbor; L946AII). 
Of the sarcoma mice, IS were infected with a 
spore suspension of Cl. histolyticum contained 
in 0.1 ml of a S^o calcium chloride solution 
that was injected directly into the developing 
tumors 8 days after tumor inoculation. Ten 
of these mice w'ere subsequently treated either 
with antitoxin (Group 1, S animals) or with 
sodium-penicillin (Group 2, S animals) in 
order to control the infection. Five tumor mice 
infected with the spore suspension were other- 
wise untreated (Group 3). Three tumor mice 
received no treatment whatsoever (Group 4). 
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All treatments were started 24 hours after 
spore inoculation in order to give the histo- 
lyticus infection a chance to develop. 

Each mouse treated with antitoxin received 
subcutaneous!}’ 12.5 units daily, for 7 days. 
The antitoxin consisted of Lederle’s poly\'alent 
gas gangrene antitoxin containing 150 units 
of histolyticus antitoxin per ml. Each mouse 
treated with penicillin received intramuscular- 
ly 250 units twice daily for 2 days, and 
subsequently, the same dose 4 times daily 
for 5 days. 

The 15 control mice that did not receive 
tumor inoculations were all infected with 
spore suspensions. Subsequently, 5 of them 
were treated with antitoxin (Group 5), 5 
were treated with penicillin (Group 6) and 
5 were left untreated (Group 7). 

In this and subsequent experiments, the 
tumor material was ground fine enough to 
be injected through a No. 24 needle. The usual 
inoculum consisted of 0.5 ml of a 20% sus- 
pension in Tyrode’s solution made up with- 
out bicarbonate. 


Results. (Table I), The sarcoma bearers 
that received no treatment following infection 
with spore material (Group 3) died early in 
the experiment, t.e., between the 3rd and 10th 
day after infection. These early deaths re- 
sulted, apparent, from the acute histolyticus 
infection, for tumor tissue was either in small 
amount or non-existent. Spore-infected sar- 
coma bearers that received penicillin (Group 


2) developed somewhat larger tumors than 
those without penicillin. One survivor of this 
group, which lived until the 16th day, devel- 
oped a large tumor. But 4 of the 5 spore- 
infected sarcoma bearers that received anti- 
toxin treatment (Group 1) died from the ISth 
to the 1 7th day n'ith little or no tumor tissue 
evident on macroscopic examination. As in 


Group 3, these deaths were likely due to 
histolyticus infection. To the 5th mouse of 
the group, which survived the 17th day Mith- 
out showing a tumor, penicillin treatment 
was then given for 6 days in order ^ to 
eradicate any residual histolyticus -nfection. 
The penicillin was given in 20 intramuscular 
injections of 250 units each. But on the 21st 
day after spore inoculation, this mouse shoned 
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a sma]] tumor that grew to full size and 
resulted in death on the. 37th daju 

The 5 non-tumor mice that were infected 
with spore material and treated subsequently 
with antitoxin (Group 5) showed healed 
lesions at the time the experiment was terming 
ated on the 37th day. Of the 5 non-tumor 
mice that were infected with spore material 
and treated subsequently with penicillin 
(Group 6), one showed a healed lesion at 
the time of death, from unknown causes, on 
the 8th daj’', whereas the others, also with 
healed lesions, sundved until the termination 
of the experiment. None of the S non-tumor 
mice infected with spore material without 
further treatment (Group 7) survived more 
than 3 days. All showed extensive lysis of 
the muscles of the infected leg. 

Exp. B. As a further means of studying the 
effect of histolyticus infection on mouse sar- 
coma, a second e.xperiment was carried out. 
Except that the groups were larger, this 
e.xperiment was similar to the previous one 
in all essential details. 

Results (Table II). The sarcoma grew fast- 
er in this experiment and killed all the con- 
trol mice (Group 4) by the I2th day. Of the 
10 tumor mice that were infected with histo- 
lyticus spores and treated subsequently with 
antitoxin (Group 1), 4 survived the untreated 
tumor bearers. In order to suppress any 


residual histolyticus infection in these 4 sur- 
vivors, penicillin treatments were begun on 
the 8th day after infection. The dosage (intra- 
muscular injections of 250 units) ranged from 
3,250 units (mouse No. 7) to 6,500 units 
(mouse No. 10) and depended upon the 
length of time each mouse survived. All 4 
mice finally developed tumors, though in 3 
the sarcoma showed definite signs of lysis 


at the time of death. The mouse that lived 
longest (mouse No. 10) outlived the last 
surviving sarcoma-control by 20 days. 

II. Carcinoma treated loitli viable spores, 
followed by antitoxin and penicillin. This e.x- 
periment, which was carried out simultaneous- 
ly with Ex-p. A, and in essentially the same 
manner, included 33 first generation hybrid 
mice obtained by mating C57 black females 
with C3H males. The tumors consisted of 


transplantable adenocarcinomas (Bar Harbor: 
E-0771). 

Results. Unlike the sarcomas treated in 
E.vps. A and B, the carcinomas showed little 
evidence of tumor regression following the 
injection of spore material. With the excep- 
tion of 2 mice in the group of tumor bearers 
that received spore material without sub- 
sequent treatment, all tumor-bearing mice 
survived for at least 13 da3's and developed 
tumors of considerable size. 

III. Sarcoma treated with toxin. This e.x- 
periment included thirty-five C57 black mice, 
20 of which xvere inoculated with the fibro- 
sarcoma (Bar Harbor: L946.‘MI) already 
mentioned. Of the sarcoma mice, IS were 
treated with the toxin of Cl. histolyticum ad- 
ministered on the 6th, Sth, 10th and I3th 
daj'S following tumor inoculation. In 5 of 
these mice (Group 1), the toxin was intro- 
duced directlj'' into the tumor in 4 injections 
of 1. 5 mg each. In 5 mice (Group 2), the 
same amounts of toxin xvere injected sub- 
cutaneously around the base of the tumor. 
For the remaining 5 (Group 3), xx’hich also 
receh'ed subcutaneous injections around the 
base of the tumor, the initial injection of to.xin 
consisted of twice the usual amount. Five 
sarcoma mice (Group 4) receh'ed no treat- 
ment w'hatsoex'er. The 15 control mice that 
did not receix'e tumor inoculations xx’ere 
divided into 3 groups of 5 mice each. These 
groups received the same amount of toxin, 
respective! j', as Groups 1, 2 and 3 of the 
tumor-bearing mice. 

The toxin consisted of a powdered, drj' 
preparation provided bj' the National In- 
stitute of Health (Bethesda, Md.). It was 
dissolved in saline, distributed in small tubes 
and kept frozen in a COi-ice box until used. 

Results. The 5 sarcoma bearers that re- 
ceived no treatment died betw'een the 10th 
and the 13th day after tumor inoculation; 
and those that died after the 10th daj' 
showed large tumors. There were no deaths 
among the 15 non-tumor control mice tliat 
received to.xin injections, although 10 of 
them developed lesions that ex'entually healed. 
Of the 5 tumor-bearing mice that n-ere injected 
with toxin introduced directlj- into the dex-el- 
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oping tumors (Group 1), 2 died on the 7th 
day following tumor inoculation (1 daj’’ after 
the beginning of treatment) and the others 
survived for 13, 14 and 29 days, respectively. 
The 5 tumor bearers that were injected with 
toxin introduced about the base of the tumor 
(Group 2) died between the 14th and 31st 
days following tumor inoculation. Of the 5 
tumor bearers that were injected with toxin 
introduced subcutaneous!}' about the base 
of the tumor, but with a larger initial dose 
(Group 3)-, one died on the 7th day after 
tumor inoculation, and 4 survived from 32 
to 36 days. Two mice of Group 2 and two 
mice of Group 3 showed tumors that were 
only about half the size of those observed 
in the untreated control mice, whereas the 
other mice of these groups developed large 
tumors. In Group 1, in which the toxin was 
injected directly into the tumors, the 3 mice 
that survived the treatment for 7 days or 
more showed an even greater reduction in 
tumor size. 

IV. Carchwma treated with toxin. Although 
a large series of experiments were made in an 
effort to test the effect of histolyticus toxin 
on carcinoma, only one will be reported in 
detail. This experiment included 16 first gen- 
eration hybrid mice obtained by mating C57 
black females with C3H males. Twelve of 
these mice were inoculated with a slow- 
growing, transplantable adenocarcinoma that 
had arisen spontaneously in a female of the 
C3H stock. Of the 12 tumor-bearing mice, 
4 were treated with a total of 2.5 mg of 
histolyticus toxin that was introduced direct- 
ly into the tumor in S injections over a period 
of 20 daj's, 4 were treated with the same 
amount of toxin that was introduced intra- 
muscularly but into the leg opposite the one 
bearing the tumor, and 4 ivere left untreated. 
Four control mice without tumors were treated 
with a total of 4.0 mg of toxin given in 8 
injections over 20 days. This was an amount 
of toxin in e.xcess of that used in treating the 
tumor-bearers. 

Results. On the 7th day following the be- 
ginning of toxin treatment (30 days after 
tumor inoculation), there were 3 deaths in 
the group that had been injected v.ith toxin 



Fig. 1. 

Hybrid mice (C57 black x C3H) inoculated witii 
slow-gro«iiig, transplantable adenocarcinoma and 
subsequently treated with 2.5 mg of histolyticus 
toxin in S injections over period of 20 days. (A) 
Toxin injected directly into tumor, which weighed 
0.25 g when photographed ; (B) Control, untreated ; 
(C) Toxin injected intramuscularly into leg op- 
po.site tile one bearing tlie tumor. 

introduced directly into the tumors. At the 
time of death the tumors were bean-sized, 
2 with slight lesions and one w’ith a healed 
lesion. The remaining mouse of the group 
carried a small tumor that w’eighed 0.25 g 
at the termination of the experiment (Fig. 
LA) 44 days after the tumor had been initi- 
ated and 21 days following the beginning of 
toxin treatment. The 4 tumor-bearing mice 
that had not been treated wdth toxin devel- 
oped large tumors that averaged 7.25 g in 
weight at the termination of the e.xperiment 
(Fig. IB). The 4 tumor bearers that had 
been treated with toxin injected intramuscu- 
larly into the opposite leg also developed large 
tumors that averaged 6.56 g at the termina- 
tion of the ex-periment (Fig. IC). 

V. In vitro studies. An effort was made to 
test the effect of histolyticus to.xin on sar- 
coma, carcinoma and normal tissues culti- 
vated in vitro, and also, by the same means, 
to demonstrate the protective action of anti- 
toxin. Kidney was chosen as the normal 
tissue because it yields, in tissue culture, an 
abundant growth of both epithelium and con- 
nective tissue. The majority of the experi- 
ments were carried out in large Carrel flasks 
(5 cm in diameter) in which 3 or more 
fragments of sarcoma (Bar Harbor, L946- 
AII), of carcinoma (Bar Harbor, £-0771), 
and of young, adult mouse kidney were em- 
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bedded in 2.0 cc of medium consisting of 
0.5 cc of chicken plasma, 0.2 cc of toxin, 0.4 
cc of antitoxin and 0.9 cc of a mixture com- 
prised of 40% horse serum (heated hr. 
at S6°C), 40% Earle’s solution, 20% chick 
embryo tissue juice and sufficient phenol red 
to make a final concentration of 0.005%, In 
the control cultures, the toxin and antitoxin 
were replaced by Earle’s solution. The cul- 
tures were adjusted with gas mixtures to pH 
7.2 and incubated without further treatment 
for 6 days. 

When the medium contained both toxin 
and antito.vin, the toxin used in the various 
cultures of a typical series ranged in amount 
from 0.1 mg to 2.0 mg per cc. When the toxin 
was used alone, the amounts ranged from 
0.01 mg to 1.0 mg per cc. Antitoxin, when 
present, was in the amount of 0.2 units per 
cc. 


Resiills. In general, it maj' be said that the 
carcinoma was more resistant to the action 
of the toxin than sarcoma, just aS' normal 
epithelium seemed to be more resistant than 
stroma cells or fibroblasts. And normal and 
cancerous epithelium were equally resistant 
to concentrations of toxin that produced 
severe damage to the sarcoma cells. 

In effective concentrations of toxin, the 
fibroblast-like sarcoma cells in the zone of 
outgrowth (or outward migration) rounded 
up, their nuclei and cytoplasm undenvent a 
pronounced shrinkage, and they proceeded 
to disintegrate. But the cells of the explant 
were also affected. They too rounded up, 
underwent shrinkage and became dissociated 
into separate entities quite devoid of visible 


intercellular connections. 

Discussion. With reference to the action of 
histolyticus infection on transplantable tu- 
mors,' two possible effects were foreseen. The 
local infection of the tumor tissue might take 
the course of an acute anaerobic infection, 
which leads to toxemia and results in the early 
death of the animal host. Or, the local in- 
fection might, apart from any injurious effect 
on the animal, cause lysis of the tumor tissue 
and thereby prolong the life of the ammal. 
And because earlier obsen-ations on histo- 
lyto, S«tions had aho™ .hat an...o»« 


counteracts the systemic effect of the toxin 
without eliminating, necessarily, its lytic ac- 
tion at the site of infection, “ it seemed 
reasonable to study the effect of ‘the antito.xin- 
treated infection on developing mouse tumors. 

Both e,xperiments in which sarcoma was 
treated with spores showed that the uncon- 
trolled infection led more rapidly to the death 
of the animal than w’hen the tumors were left 
untreated. The same held true for spore in- 
fected tumors treated with penicillin. The 
effect of the antitoxin treatment, however, 
was to prevent or postpone death from tox- 
emia; and, as had been e.xpected, it left 
enough of the local infection to cause a more 
or less marked lysis of the tumor tissue, there- 
by prolonging the life of some of the tumor 
bearers considerably beyond the life span of 
the non-infected tumor controls. 

In order to determine whether, in such 
survivors, the histolyticus infection had com- 
pletely destroyed all tumor tissue, the in- 
fection was finally eliminated by means of 
prolonged penicillin therapy. But none of the 
antitoxin treated mice, subsequently given 
penicillin for this purpose, survived the test; 
sooner or later they all developed sarcomas 
from which they died. 

It has been noted that in the e.xperiment 
in which carcinoma was treated with spore 
material followed by antitoxin and, finally, 
penicillin, these tumors, unlike the sarcomas, 
showed little or no regression. But it was 
impossible to determine, from the limited 
observations that were made, whether the 
greater resistance of the carcinoma was due 
to a greater resistance of the constituent cells 
or to the peculiar structure of the tumor itself. 
From the tissue culture e.vperiments that 
were made with to.xin, it w'ould seem that the 
carcinoma is actuall}' more resistant than the 
sarcoma, and that the greater susceptibility 
of the sarcoma may possibly be due to a 
greater looseness in the architecture of this 
type of tumor. In the cultures, the sheets of 
epithelial cells that grew out from the frag- 
ments of carcinoma survived concentrations 
of toxin that were definitelj- injurious to the 
sarcoma cells. But normal epithelium, grow- 
ingside by side with the malignant epithelium, 
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was likewise resistant to concentrations of 
toxin that killed the sarcoma cells. The 
spindle-like sarcoma cells grow in an open 
meshwork, whereas carcinoma and normal 
epithelium grow in a compact mosaic in which 
the individual cells are far less vulnerable to 
outside influences. 

In so far as the animal experiments with 
toxin are concerned, there is little that need be 
added to the observations already made. Just 
as the antitoxin-controlled histolyticus infec- 
tion has, under certain conditions, a retarding 
influence on the development of the tumors, 
so also are the tumors susceptible to carefully- 
regulated injections of toxin, the amount of 
which must be sufficient to produce lysis of 
the tumor but not enough to cause the death 
of the host. But regardless of how completely 
a tumor may seem to have regressed, it is 
almost certain to recur once the treatments 
have ceased. To be sure, the absorption of 
toxin does seem to be more rapid in tumor 
tissue than in normal tissue. Aside from the 
direct effect of the toxin on the tumor cells 
themselves, there is also damage to the young, 
actively proliferating vascular sj'stem of the 
tumor, and this results in hemorrhage and 
necrosis and the general destruction of the 
tumor mass. And as further evidence that 
the effect of histolyticus toxin on tumor cells 
is not a specific one, systemic injections of 
toxin at concentrations below the level that is 
injurious to the host have no effect on the 
tumors, just as toxin injected around the base 
of a developing tumor produces less lysis of 
the tumor than toxin injected directly into 
the tumor mass. 

The main difficulty in attempting to eval- 
uate the effect of histolyticus toxin on experi- 
mental tumors, in the present experiments, is 
the fact that the minimal effective dose ap- 
proximated, very closely, the lethal dose. 


For further study, a more highly purified 
preparation of toxin would be required, and 
an attempt should be made to isolate, from 
the crude toxin, a factor that would be both 
highly histolytic and of low systemic toxicity. 

Summary. When transplantable mouse sar- 
comas were infected experimentally with Cl. 
hhtolytiam, and the infection controlled by 
systemic injections of histolyticus antitoxin, 
the life span of some of the animals was pro- 
longed for as long as 20 days beyond that of 
the non-infected tumor bearers. But in no 
instance did the infection completely destroy 
the tumor tissue. All surviving mice, treated 
eventually with penicillin in order to eradicate 
residual infection, developed large sarcomas. 
Under similar conditions, no such temporary 
regression was observed for transplantable 
mouse carcinomas. 

When a study w'as made of the effect of 
histolyticus toxin on transplantable mouse 
tumors, it was found that systemic (intra- 
muscular) injections of toxin were wdthout 
effect, whereas repeated local injections of 
toxin, given either directly into the tumor 
mass or subcutaneously around the base of 
the tumor, resulted in marked regression of 
tumor tissue. But for the toxin preparations 
used, the effective dose approximated, very 
closely, the lethal dose, particularly when the 
toxin was injected directly into the tumor 
mass. In no instance was there a permanent 
regression of the tumor. 

In tissue culture, carcinoma cells were more 
resistant to the action of histolyticus toxin 
than sarcoma cells, just as normal epithelium 
seemed to be more resistant that stroma cells 
or fibroblasts. But normal and cancerous 
epithelium were equally resistant to con- 
centrations of toxin that produced severe 
damage to sarcoma cells. 
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Comparison of Two Types of Permanent External Bile-fiistula Dogs for 

Studying Liver Function. 


William J. Snape, C. Wilmer Wirts, and Abraham Cantarow. 
From ihe Jefferson Medical College, FMadelphia, Pa. 


Studies of hepatic physiology involving 
the use of dogs with the usual types of 
permanent external bile fistula are open to 
criticism because of the great difficulty of 
maintaining normal liver function in such 
animals except for short intervals. This is 
emphasized by the recent report by DrilF 
and is borne out by our experience during the 
course of previous studies of the excretion of 
bromsulfalein in bile.--^’^ Only 6 of 22 bile- 
fistula dogs prepared for this purpose proved 
to be satisfactory for the establishment of 
criteria for normal excretion of the dye. The 
purpose of the present communication is 
to indicate the usefulness of another type of 
fistula dog for such studies. 

Materials and Methods. The two types of 
permanent biliary fistula employed were the 
standard type (Rous-MdMaster°) as modi- 
fied by Beerman et al.’^ and the type in which 
a Thomas intestinal fistula is placed opposite 
the papilla of Vater.^-® In the former, follow- 
ing cholecystectomy, a rubber tube was placed 
in the cystic duct with the common duct tied, 
or in the common duct with the cystic duct 
tied, and brought out through a stab wound 
in the abdominal wall. Bile drained into an 


1 DriJ], y. A., Annegers, J. A., Snapp, E. E., and 
Ivy, A. C., J. Clin. Invest., 1945, S4, 97. 

2 Cantarovr, A., and Wirts, C. W., Jr., Pkoc. Soc. 
Esp. Biol, and Med,, 1941, 47, 252. 

sWirts, C. W., Jr., and Cimtaroiv, A., Am. J. 

mg. Vis., 1942 , 9 , 191 - 

4 Cantarow, A., and Wirts, C. W., Jr., Am. J. 
mg. Vis., 1943, 10, 261. 

5 Boas, P., and McMaster, P. D., J. Exp. Med., 


A. h., Snapp, E., lyr, A. C., Atkinson, 
A. J., and Hongk, W S., Am. J. Vig. Vis., 1940, 

^'7 Thomas, J. E., Pkoc. Soc. Exp. Biol, and Mnn., 

^TsntJC^W. J., and Thomas, J. E., Fed. Froc., 
1945, 4, 66. 


attached rubber bag and was reintroduced 
into the duodenum through a small indwell- 
ing duodenal catheter. These dogs recovered 
slowly after operation, required a special diet 
and daily care. Because they were prone to 
develop biliary obstruction they usually sur- 
vived for onl}r a few weeks or months. As a 
rule the obstructive phenomena were not 
pronounced and were unrecognized until the 
e.xcretion of bromsulfalein in the bile was 
tested or jaundice developed. 

The Thomas intestinal fistula was prepared 
following cholecystectomy by placing a per- 
manent metal cannula in the duodenum op- 
posite the papilla of Vater. With the cannula 
open a special glass catheter'*-^® (modified by 
Thomas from those originally dewsed by 
Scott), w'as introduced when desired into the 
ampulla of Vater for the drainage of bile. 
Upon termination of the e.vperimental period 
the catheter was withdrawn and the cannula 
closed, w’hich prevented further loss of in- 
testinal contents. These dogs recovered 
promptly from the operation, did not require 
special diet or care and survived for long 
periods, some for over 2 years, without devel- 
oping biliar}' obstruction. 

Studies were made on 7 dogs with standard 
tj^ie fistulas (II tests) and on 3 dogs with 
Thomas type fistulas (19 tests). All of these 
dogs were given intravenous injections of 2 
mg bromsulfalein per kilo of body weight. 
Four additional Thomas-tj'pe fistula dogs 
were studied by comparing the excretion of 
bromsulfalein injected in quantities of 2 mg 
and S mg per kilo of body weight. 

Bile W'as collected in I5-minute periods for 
2 hours subsequently. Determinations were 

» Hart, W. M., and Thomas, J. E., Gastroenterol., 
1945, 4, 409. 

10 Scott, y. B., Collingnon, XJ. J., Eugcl, H. J., 
and Jolmson, G. C., Am. J, Physiol., 1941, 134, 208, 
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Comparison of Bile-Fistula Dogs 
TABLE I. 

Excretion of Bromsnlfalein in the Two Types of Kstula-dogs Using 2 mg of Dye per Kilo of 

Body Weight. 


Standard fistula dogs 

✓ ' .n. ...... 

tTnselected Selected 


Thomas-type 
fistula dogs 


Eange of cone, (mg dye per 100 cc bile) 

Avg % excreted 

1 to 476 

1 to 532 

6 to 540 

1 hr 

5.9 

43.6 

45.7 

2 hr 

18.1 

65.0 

75.0 

Vol. of bUe (ce) per hour 

7.4 — 

7.7 


Excretion of Bromsulfalein in Thomas-type Fistula Dogs Using 2 mg and 5 mg of Dye per Kilo 

of Body Weight. 


5 mg dosage 


2 mg dosage 


Eange of cone, (mg dye per 100 cc bile) 

0 to 1430 

6 to 540 

% excreted 
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Curves of concentration of hromsulfalciu in the bile of bile fistula dogs, after inieetion of 
2 mg and o mg per kilo of body weight. ^ injeeiion or 
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made of the concentration and amount of 
bromsulfalein in each sample. The following 
criteria were used as a basis of comparison 
of the two groups of animals; (1) complete- 
ness of removal of dye from the blood; (2) 
rate of entrance of dye into the bile: (3) 
time of attainment of maximum concentra- 
tion of dye in the bile; (4) curve of excretion 
of dye in the bile; (5) range of concentration 
of dye in the bile and (6) total dye excretion 
in the bile within one- and 2-hour periods 
following injection. 

Prior to initiating a series of liver function 
studies the two types of permanent biliary 
fistula dogs were compared for suitability by 
observing their prompt convalescence from 
operation, maintenance of good general phys- 
ical condition and liver function. The liver 
function was tested by estimating the quantity 
and rate of excretion in the bile of intraven- 
ously injected bromsulfalein and, in some ani- 
mals, estimating the quantity of dye retained 
in the blood according to a method previously 
described.- 

Results. The pertinent data are summar- 


ized in the table and figure. ISfo abnormal re- 
tention of dye in the blood was obser\’ed in 
the Thomas-type fistula dogs; abnormal re- 
tention occurred in 3 of 6 standard fistula dogs. 
Similary, the unselected dogs with the 
Thomas-type fistula were superior to unse- 
lected dogs with the standard t 3 'pe fistula 
when judged by the other criteria enumerated 
above. Dogs in the latter group selected on 
the basis of satisfactorj^ bromsulfalein e.x- 
cretion approached the former in this regard. 

Summary and Conclusions. Evidence has 
been presented to indicate that dogs with the 
Thomas-type bile fistula are- much more satis- 
factory than those with the Rous-]\IcMaster- 
tjfpe fistula for studies of liver function, 
particularly those involving collection and 
e.xamination of bile. Data are presented re- 
garding the normal biliarj’- excretion of brom- 
sulfalein following intravenous injection of 
2 mg and 5 mg of the dj^e per kilogram of 
body weight. 

The authors are indebted to Dr. J. Earl Thomas 
for advice and assistance in tlie iwcparation of 
the bile-iistula dogs used in tiiese studies. 
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Urticarial Hypersensitivity to Sunlight. 


Peter L. Beal. (Introduced bj' S. Rothman.) 

From the Division of Dermaioiogy, Deportment of Meclicinc, University of Chicago, Chicago, III. 


Urticarial hypersensitivity to sunlight or 
solar urticaria is a well recognized disease 
entity.^ The reaction is analogous to the 
urticaria! hj^iersensitivity reactions to foods, 
drugs, and such physical agents as mechanical, 
cold or heat stimuli. These reactions have all 
the characteristics of Thomas Lewis’ “triple 
response”.- It is generally assumed that in 
this type of hypersensitivity the antigra- 
autihody reaction leads to wheal formation 

iBluni H E., Dhotodynamic Action and Dis- 
eases Caused hy Light, Kew York. Ecinhold Publ. 


’Tlcw^^T., mood Vessels of the ^ 

ind Their Response, Loudon, Shav, an os, 


via the liberation of histamine. Solar urticaria 
has been regarded as one form of the “phys- 
ical allergies” in which an antigen or allergen 
is produced by action of a physical agent. 
Recently two t 3 pes of solar urticaria have 
been described.”'^ In one t 3 pe the sensitivitv' 
spectrum is between A 4000-5000 A and in 
the other type it is below A 3700 .4. 

Experimental. In this clinic 2 patients were 
studied who responded to sunlight e.sposure 
with severe urticarial reaction. In both cases 

* Abramson, II. A., Pr.oc. .Soc. Exp. Biol, akd 
Med., 1940, 43, 410. 

•* Bium, n. F., B.acr, 1?. L., and .Sulzberger, M. B., 
J. Invc.st. Derm., 1940, 7, 99. 
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it was possible to establish the spectral sen- 
sitivity: (1) by radiating the skin of the 
patients through a set of Corning glass filters 
and (2) by use of a monochromator ■which 
made it possible to project single lines of 
the mercury arc spectrum on the skin. In 
both cases the range of sensitivity -was found 
to be between 2967 and 3341 A with a 
maximum sensitivity at 3131 A. Thus these 
2 patients belong to the tj’pe < X 3700 A.^ 

The urticarial sensitivity could be passively 
transferred. By injecting the patients’ serum 
into the skin of normal individuals and ir- 
radiating the injection site -nuth the active 
wavelengths, a “triple response” could be 
elicited. The transfer site began to manifest 
sensitivity within 30 minutes after injection 
and remained sensitive for several days al- 
though the sensitivity decreased rvith time. 
Normal control sera never caused such re- 
actions. 

The incidence of successful passive trans- 
fers was much higher with the serum of the 
more sensitive patient than with the serum of 
the less sensitive one. When large surfaces of 
the body ■were exposed to ultraviolet light 
prior to withdrawal of blood for passive trans- 
fer experiments, the incidence of positive 
transfers was greatly increased. 

Studies of the properties of the transferable 
sensitizing agent in the serum revealed that 
it decreased in potency with storage at ice- 
box temperature. .Aifter 8 days cold storage 
of otherwise potent serum, samples gave only 
weak or questionable passive transfer tests. 
The sensitizing agent proved to be heat labile 
and was inactivated at 56° C in hour. .A.lso, 
the agent ■u'as inactivated by irradiation -ndth 
ultraviolet light. Evidence that the photo- 
sensitizing agent is a large molecule, probably 
of colloid nature, is suggestive since it failed 
to dialyze through a semi-permeable mem- 
brane. 

Early morning gastric analysis following 
radiation of large areas of the patients’ skin 
showed a rise in total acidity in both patients. 

.\ number of substances with absorption 
spectra similar to the sensitivity spectrum of 


the patients were incorporated into ointments 
and tested for protective action against the 
active rays. Some protection was obtained 
by using an ointment containing 30% G-Salt 
(sodium salt of 2 - naphthol - 6, 8 - disulfonic 
acid). 

Greater protection was achieved by the 
oral administration of antihistaminic drugs, 
benadryl and pyribenzamine. By virtue of 
the protective action of these “antihistamines” 
it was possible to subject the patients to grad- 
ually increasing generalized ultraviolet light 
exposures.® By this treatment the skin ac- 
quired such tolerance that the administration 
of “antihistamines” could be discontinued. 
This gradual increase in tolerance to the 
active wavelengths was purely a local effect 
since no protection was achieved on skin 
areas which were kept covered during the 
course of ultraviolet therapy. The protection 
may have resulted from pigmentation and/or 
the thickening of the horny layer of the skin. 
Both of these physiologic reactions to sun- 
shine hinder the penetration of the active 
wavelengths. 

Discussion. The narrow’ and highly specific 
range of the active wavelengths in this con- 
dition together with the passive transferabil- 
ity of the sensitivity to normal individuals 
with the patients' serum strongly supports 
the theory of Sulzberger and Baer.® According 
to these authors, the absorption of the specific 
wavelengths causes the formation of a photo- 
chemical product in everybody’s skin; how- 
ever, patients with solar urticaria develop a 
sensitivity by forming antibodies against this 
normal metabolite. 

Summary. In 2 cases of solar urticaria the 
maximum sensitivity rvas found to be at 
3131 A. Studies of the photosensitizing agent 
in the patients’ serum support the conception 
that this condition is due to sensitization to 
a physiological radiation product in the skin. 

sEubin, L., Beat, B. L., and Eotlunan, S., J. 
Invest. Derm., 1947, 8, 1S9, 

0 SukborRcr, it. E., and Baer, E. L., J. Invest. 
Dcrtn ., 1945, 0, 345, 
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Studies on Uterine Metabolism. I. Adenosinetriphosphatase Activity 

of Smooth Muscle. 


Heron O. Singher and Nathan Millman. 

From ihe Ortho Fcscarch Foundation, Faritan, X. J. 


The activity of the adenosinetriphosphatase 
(ATP-ase) enzyme s 3 'stem has been measured 
in many tissues other than skeletal muscle. 
DuBois and Potter^ have indicated that an 
unidentified smooth muscle yielded, in their 
tests, about one-third of the ATP-ase activity 
of striated muscle. We have investigated 
rather extensively the ATP-ase sj'stem in the 
smooth muscles of the rat, in particular the 
uterus. ATP was prepared as the dicalcium 
salt according to Kerr.- 

The reaction systems rvere incubated at 
37'’C for 15 minutes in a final volume of 3 
ml, and contained one ml of a tissue hom- 
ogenate^ in 0.1 M veronal-HCl buffer of 
pH 8.4; one ml of a ICt^ molar solution of 
ATP and one ml of veronal-HCl buffer, hlag- 
nesium ions were present in the system in a 
final concentration of 10"* molar.® Blanks 
■were run with ATP alone, and also with tissue 
in the absence of ATP. Addition of other sub- 
stances was compensated for in volume by 
a corresponding reduction in the volume of 
buffer. The liberated phosphate was deter- 
mined bj^ the method of Fiske and Subba- 
Row.* 

Table I e.xpresses the results found for 
ATP-ase activity of smooth and skeletal 
muscles of adult Sprague-Dawley rats. These 
rvere all used in the metestrus stage as deter- 
mined by the daily vaginal smear technique. 
Varying amounts of tissue were used to insure 
a linear relationship between tissue weight 
and enzyme concentration. 

The larger variations in the smooth muscle 


.md "patter, K., J. Biol. 

Chcni.. 1943, lt50, 1S5. 

2 Kerr S. E., J. BM. Chcm., 1941, 1S!>. 121. 

S Singher, H. 0., .ma Meister, A., J- Bwl. Chan., 

^^-1 FishCj 'c. il., and Subh.iBorv, Y., /. Biol. Chcm., 
1925, 00, 375. 


determinations were thought to be due to 
the water content fluctuations which these 
tissues undergo, depending upon their im- 
mediate ph 3 -siological states. However, cal- 
culation of the data on the basis of dri- 
weights yielded similarly extensive variations. 
It must, therefore, be assumed that these 
changes arise through some other mechanism. 

It is significant, however, that the smooth 
muscles in these S3'stems e.xhibit a uniformly 
higher activity than striated muscle. In later 
e.xperiments striated muscle was often tested 
at the same time as smooth muscle from the 
same animal; the above differences in enzy- 
matic activity were alwa 5 's observed to hold 
true. 

The contractile system of smooth muscle 
remains considerably more obscure than that 
of skeletal muscle. If the .ATP-ase S 3 ’stem of 
smooth muscle is to follow the same m 3 'osin- 
adenosinetriphosphate changes postulated for 
striated muscle®’® the sensitivities of these 
S 3 'stems to chemical mediators such as acet 3 ’I- 
choline and epinephrine should be similar. 
Ziff® has reported that acetylcholine, epine- 
phrine and eserine are without effect on the 
hydroly'sis of ATP b 3 ' myosin, which we as- 
sume he obtained from skeletal muscle. We 
are able to corroborate his findings for striated 
muscle and extend them to uterine muscle. 
The concentration of the various mediators 
used is of the same order of magnitude as 
that employed to elicit ph 3 ’siological responses 
hi vitro. The data are given in Table II. 

These variations are not considered sig- 
nificant in the light of changes in cnz 3 'matic 

5 EngeDi.ardt, V. A., Advances in Enct/nioloffy, 
1946, 0, 147. 

c Szpnt-Oyiirfrri, .\. von, Bull. .<.oc. chim. liiot., 
1943, 25, 242. 

" Ziff, II., Peoc. .Soc. Exp. Biot, akd Med., 
1942, 31, 249. 
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TABIiE I. 

ATP-ase Activity of Smooth and Skeletal iluscle. 
Values expressed as /xg P liberated in 15 min. 




Per mg fresh tissue 

Per mg dry tissue 

Tissue komogenate 

Iso. of trials 

Avg Range 

Avg Range 

Skeletal muscle (Sartorius) 9 

Intestine (1st loop of duodenum) 6 

Bladder 4 

Uterus 6 

8.1 ( 5.8-13.2) 

18.0 (14.0-24.2) 

20.9 (16.6-23.2) 

20.8 (16.8-24.2) 

33.7 (25.0- 56.0) 

61.8 (46.9- 78.0) 

81.8 (73.0-103.0) 

89.0 (62.6-110.0) 

TABLE 11. 

Influence of Chemical Mediators on ATP-ase Activity of the Uterus. 

Substance 

Final cone. 

Estrus stage 

Avg % cliange in ATP-ase 
activity of uterus 

Acetylcholine 

Epinephrine 

Eserine 

7 X 10-9 M 

1 X 10-7 M 

4 X 10-9 M 

Metestrus 

Diestms 

Metestrus 

Diestrus 

Diestrus 

-fl.3 
—4.4 
-f6.3 
+ 2.4: 

+1.4 


activity of tissues to which the above sub- 
stances have not been added. As far as these 
in vitro tests go it may be concluded, there- 
fore, that in skeletal and smooth muscle, 
these mediators do not effect the ATP-ase 
system per sc. The activation of .ATP-ase by 
acetylcholine, described by DuBois and Pot- 
ter® was carried out in a system in which the 
calcium concentration was a factor w’hich is 
not the case in these experiments. 

Consistent changes in the activity of ATP- 
ase in smooth or skeletal muscle could not 
be demonstrated with histamine, pitocin or 
ammonium chloride. Ethyl alcohol (0.7 hi) 
inhibited the system slightly but this is 
probably due to its protein denaturant prop- 
erties. Engelhardt,® Ziff,' and others® have 
indicated that the inhibitory effect of fluoride 
is only as great as its removal of calcium ions 
from the medium. In the magnesium activated 
system we have observed inconsistent effects 
of fluoride on striated muscle. Uterine muscle 
ATP-ase, however, is usually inhibited, as 
shown in Table III. 

The ATP-ase activity of the uterus has 
led us to investigate the effect of the repro- 
ductive c\-cle on such activity. Because of 
the water shifts it seemed best to calculate 

s DuBois, K. P., nntl Potter, V. R., J. J}iol. 
dicrn., 1943, 148, 451. 

0 Polls, B. D., and Meyerhof, 0., J, Biol. Cham., 
1947, ICt), 3S9. 


TABLE in. 

Effect of 3.3 X lO-a M Plnoride on ATP-ase 
System of Smooth Muscle. 


Stage of cycle 

% change of ATP-ase activity 

Estrus 

—25.8; —37.8 

Metestrus 

— 15.0 

Diestrus 

— '17.4; —40.7 

Procstrus 

—18.0 


activity on the basis of dry weight of the 
tissue used. Later experiments have also in- 
cluded per cent nitrogen as a factor. The 
results from preliminary experiments do not 
lend themselves to an interpretation of varia- 
tion with the cyclical changes, as indicated 
in Table IV'. 

Representative steroid hormones were 
added to the incubate in concentrations of 
between 10"* to 10'® molar. Additions were 
made in a small amount of alcohol, and al- 
cohol controls run simultaneously. Estrone, 
estradiol and progesterone were without ap- 
preciable effect on the uterus in the metestrus 
stage; the latter two also had negligible 
effect during dieslrus. In a small number of 
cases testosterone seemed to inhibit the ATP- 
ase activity of skeletal muscle; its effect on 
uterine muscle appeared to be much smaller. 

Summary. The -ATP-ase activity of smooth 
muscle is found to be considerably higher 
than that of striated muscle. It is unaffected 
by dilute concentrations of chemical medi- 
ators. Fluoride apparently has an inhibitory 
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TABLE n’'. 

ATP-ase of the Uterus Through the Bstrus Oj’cle. 

^g Inorganic P Liberated in 15 min per mg Lry Tissue. 


Stage 

No. of trials 

Skeletal muscle 

Uterus 

< 

Avg 

Eange 

Avg 

Eange 

Estrus 

2 

35.5 

(35-36) 

125.0 

(120-130) 

Metestrus 

9 

33.7 

(25-56) 

93.9 

( 62-122) 

Diestrus 

3 

50.0 

(32-52) 

307.3 

{ 63-343) 

Proestrus 

2 

35.5 

(17-54) 

106.0 

( 88-140) 


effect. Variation in the ATP-ase activity of tion of testosterone, hormones did not appear 
the uterus could not be correlated with to affect the hi vitro systems, 
cyclical estrus change. With the possible excep- 
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Production of Essential Fatty Acid Deficiency Symptoms in the 

Mature Rat.* 


V. H. Barki, H. Nath,! e. B. Hast, and C. A. Elvehjem. 

From the Department of Siochemistrp, College of Agriculture, Vuivcrsihj of IPtsconsin, Uadison. 


In the course of studies on the effect of 
vitamin imbalance under various conditions, 
mature rats were maintained on restricted 
caloric intake of fat free diets until they 
lost about sofa of their original weight. In 
the period of recovery, during which time they 
were fed the same diets od libitum, various 
symptoms including those typical of the 
Burr and Burr syndrome^ were observed. 

Since the original report by Burr and 
Burr,- several workers®''*’’' have observed the 


* Publishca -ivith the approval of the Director 
of the tVisconsia Agricultural Experiment Station. 
Supported in part by the Eesearch Committee of 
the Graduate School from funds supplied by the 
-Wisconsin Alumni Eesearch Poundation and by a 
grant from the Nation.U Dairy Council, CTicago, 
Ott behalf of the American Dairy Association, 
t Government of Indi.a Eesearch Pcllovr. 
iBurr, George O., and Burr, 51. M., J- Biol. 

GrSi C. E., and Griffith, W H., Pnoc. Soc. 
EXP. Biom AKh IIdd.. 1931, 28, ToG 
4Turpeinen,a,d..^J-;«^><>^> C. 'a.,’ Sm’cdley- 


32, 2102. 


typical skin symptoms of the essential fatty 
acid deficiency, but in all cases young animals 
were used. So far as we know, in no case was 
this deficiency syndrome reported to have 
been produced in adult rats. 

Experimental and results. Mature male 
rats of the Sprague-Dawle}’’ strain averaging 
about 225 g have been used in these e.^ren- 
ments. The rats were placed in individual 
metal cages with raised screen bottoms at the 
beginning of the depletion period on the fat 
free diets. They were weighed and e.xamined 
week!}' or in later e.xperiments twice weekly. 

In the first e.xperiment 4 groups of 4 rats 
each were placed on the 4 diets given in Table 
I. In addition they all received one drop 
of haliver oil weekly. 

For a period of 2 months each rat received 
6 g of food daily, .-^t the end of this period 
the amount was decreased to 5 g per day. 
On the 9 1st day' one rat died in each of the 
groups I, II, and IV (none in the “B + 
supplement” group). The rats which died 
weighed 94, 93 and 95 g respectively. On this 
day all the rats were allowed their respective 
diets ad libitum. The only symptom observed 
by this time besides the severe emaciation 
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TABLE I. 
Composition of Diets. 


Dietary component 

I 

Diet A 

n 

Diet B 

in 

Diet B -f 
supplement 

rv 

Diet C 

Casein (fat free)* 

30.0 

30.0 

30.0 

30.0 

Sncrose 

66.0 

66.0 

66.0 

56.0 

Salt mixture IVt 

4.0 

4.0 

4.0 

4.0 

Dried brewer’s yeast 

— 

— 



10.0 

/ 

- per 100 g 

of diet 


Thiamine HCl 

,20 mg 

20.00 mg 

20.00 mg 

— 

Riboflavin 

.40 

40.00 

40.00 

— 

Pyridoxine HCl 

.20 

2.00 

2.00 

— 

Calcium pantothenate 

.30 

3.00 

3.00 

— 

Choline chloride 

120.00 

120.00 

120.00 

120.00 

3-Aiethyl-naphthaquinone 

.50 

.50 

.50 

.50 

Biotin 



— 

.02 

. . 

Folic acid 





.20 



Inositol 



— 

50.00 



p-Aminobenzoie acid 

- 



13.00 



Niacin 





.60 



Com oil 

— 

— 

500.00 

— 


* Extracted for three 2-hour periods with boiling alcohol, 
t Phillips, P. H., and Hart, E. B., J. Biol. Cliem., 1935, 109, G57. 


was slight rustiness of fur about the shoulders 
and neck. 

On the 107th day (16 days after the start 
of the ad libitum feeding) various skin symp- 
toms were noticed in the rats of the first 2 
groups. Among these, scaly hind paws were 
almost uniformly present. Other S3'mptoms 
which appeared among the rats, though not 
uniformly, were: scaly and/or annular tail; 
necrosis and loss of tip of tail; sloughing off 
of skin near base of tail and/or around the 
mouth; loss of hair around the mouth, ej’es, 
over fore paws, at the base of tail and around 
the scrotum; thinness of hair coat over back, 
chest and abdomen; some edema of fore 
and/or hind paws and prolaps penis. The 
animals receiving the diet containing yeast 
developed scaly paws and other skin symp- 
toms a few days later than the first 2 groups, 
while the group on the purified diet which was 
supplemented, as mentioned above (Table 
I), with both additional vitamins of the B 
complex and with 0.5% corn oil showed 
practically no symptoms at any time. 

When these sj-mptoms were evident, the 
animals in Groups I and I\' were supple- 
mented with 0.5% corn oil and those in 
Group ir with the extra 5 vitamins included 
in diet 111 in order to sec which of these 
factors was involved in the prevention of 


the symptoms. The results of this experiment 
are summarized in Table II. Those animals 
which received additional vitamins (no corn 
oil) still showed scalj"^ paws 7 weeks later, 
the time at which they were killed. All the 
rats which received the corn oil after having 
demonstrated the symptoms, started to show 
signs of recovery in 2 weeks and were com- 
pletely cured within 5-6 weeks. 

.Along with the caloric restricted rats there 
was an equal number of rats on ad libitum 
regimen from the beginning of the experiment. 
Xone of these showed any symptoms at any 
time. 

In the second experiment Diet .A was used 
as the basal diet, and all the rats were again 
supplemented with one drop haliver oil week- 
ly. The depletion period lasted 39 days, 
during which time the average weight dropped 
from 225 to 120 g. The rats were divided 
into two groups at this time and one group 
was continued on Diet .A, while the other 
received Diet .A supplemented with 0.5% 
corn oil. The results are summarized in Table 
III. 

The effectiveness of corn oil in preventing 
development of the sj-mptoms is obvious. 
The only symptoms which appeared in 5 
rats of the supplemented group were slight 
and transient. .Again the appearance of the 
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I— Diet A 
Days 

Total No. rats 
No. rats affected 
% 

Weight 

II— Diet B 
Days 

Total No. rats 
No. rats affected 
% 

' Weight 

III — Diet B + supplement 
Days 

Total No. rats 
No. rats affected 
% 

Weight 

IV— Diet 0 
Days 

Total No. rats 
No. of rats affected 
% 

Weight 


TABLE II. 

Condition of animals at Different Periods. 


Beginning End of 
of esper. depletion 


Appearance 
of scaly 
paws 


Beginning of Complete 

disappearance clo.aring 

of scaly paws before 

dueto%% exper. 

corn oil terminated 


0 

91 

107 

120 

154 

4 

3 

3 

3 

3 



3 

3 

3 

223 


100 

100 

100 

118 

153 

200 

334 

0 

91 

107 

120 

154 

4 

3 

3 


3 



3 


0 



100 


0 

223 

118 

188 

241 

2SG 

0 

91 

107 

120 

154 

4 

4 

4 

4 




0 





0 



223 

130 

229 

285 

338 

0 

91 

107 112 

120 

154 

4 

3 

3 3 

3 

3 



0 3 

3 

3 



0 100 

100 

100 

223 

125 

209 238 

265 

317 


Other skin symptoms was observed in a large receiving Diet A with supplements listed in 
number of the rats on the unsupplemented Table IV, plus one drop of haliver oil/week/- 
diet. rat. To guard against the possibility that the 

Five of the rats from the unsupplemented ultimate disappearance of the scaly paws 

group were given 2 drops of corn oil daily after of the iinsupplemented animals was due to 

they demonstrated the marked symptoms, very small amounts of essential fatty acids 
Some improvement was noticed in all animals in the haliver oil fed, in this and the following 
within 2 weeks, and they^ were all completely e.xperiments carotene, calciferol (Dc) and 
clear of symptoms within 3-5 weeks. alpha tocopherol suspended in propylene gly- 

Ten rats were kept on the unsupplemented col or glyceryl (mono) laurate or methyl 
Diet A for 71 days. At the end of this oleate were substituted for the haliver oil at 
period it was noticed that the scaliness of the the time when the scaliness of the paws 
paws had completely disappeared. appeared. 

In the third e.vperiment the animals were All of the 9 animals which received no 
placed for 3 weeks on restricted amounts essential fatty acid showed development of 
of our stock ration containing: ground wheat scaly paws within 2 weeks after the initiation 
25.00, soybean oil meal 10.00, linseed oil of the ad libitum feeding. The 10 rats which 
meal 10.00, ground yellow corn 29.00, received either ethyl-linoleate or corn oil 
powdered skim milk 12.00, alfalfa meal 8.00, did not develop the scaly paws e.xcept for 
butter 5.0 NaCl (iodized) 1.0, CaCOg 0.5. a slight scaliness in 3 animals, but this dis- 
This was followed by 4 weeks on restricted appeared in a few days. The average weights 
amounts (5 g/day/rat) of fat free Diet A, of the animals at the commencement of ad 
suDDlemented° by one drop of haliver oil libitum feeding and at subsequent periods 
weeklv -^t the time when ad libitum feeding are recorded in Table I\'. 

was started the rats were divided into 4 groups It should be noted that in the 9 animals 
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TABLE III. 

Average 'Weight and Number of Eats. 


Supplement 

Starting 
ad lil). 
feeding 

Developing 
scaly paws 
within 17 
days 

Developing 
scaly paws 
within 28 
days 

Clearing 
in 1-2 
weeks 

Kept for 
71 days 

Cleared up 
spontaneously 
within 71 days 

None 

~31 

26 

31 

0 

To 

10 ^ 


(126)* 

(166) 

(230) 




0.5% com oil 

11 

0 (slight) — 

5 

— 

— 


(129) 

(182) 

(230) 





* The numbers in parentheses indicate average weight. 


TABLE IT. 

Average Weight and Number of Bats. 


Supplements 

In a group 
starting 
ad lih. 

Developing scaly 
paws within 2 
weeks and lasting 
longer than 1 week 

Showing scaly 
paws after 6 
weeks 

Showing 
complete 
clearnn<;e at 
66 days 

None 

4 

4 

4 

4 


(114)* 

(166) 

(224) 


2 drops oleic acid daily 

5 

5 

5 

5 


(116) 

(187) 

(251) 


2 drops ethyl linoleate daily 

5 

0 

0 

— 


(117) 

(178) 

(268) 


2 drops corn oil daily 

5 

0 

0 

— 


(117) 

(178) 

(274) 



* The numbers in parentheses indicate average weight. 


which received no source of linoleic acid scali- 
ness of the paws disappeared spontaneously, 
and within 66 days from the start of ad 
libittiin feeding these animals, all of which 
had shown this symptom, were completely 
cured. The other skin lesions, w'hen present, 
cleared much earlier. 

This spontaneous disappearance of skin 
lesions within several weeks and paw scali- 
ness tvithin 66 days was again observed in a 
similar experiment carried out later with 
approximately the same number of animals 
on fat free ration A. 

Disaissioii. Burr and Burr‘ stress the im- 
portance of scaliness of the feet as the most 
sensitive test of the essential fatty acid 
deficiency condition. Hume, Xunn, Smedley- 
Maclean and Smith^ observed dryness oc- 
curring invariably on the dorsal surface of 
the hind feet and front of the ankles, and 
therefore they finally adopted it as the most 
satisfactory criterion, rather than relying 
entirely upon weight increase which is a 
non-specific response. The objection to the 
use of skin symptoms as criterion because of 
their irregular appearance'^ which is due to 
variation in relative humidity' is obviated 


in our work by the constant 50% relative 
humidity kept in our animal room. 


Although the rats in the first experiment 
were maintained for a long period (3 months) 
on a restricted intake of fat free diets, none 
of the symptoms described above appeared 
before about 2 weeks after ad libitum feeding 
commenced, a period during which there was 
rapid regain of weight. In later experiments, 
the depletion periods on the fat free diet w^ere 
considerably shorter (4-6 weeks), yet the 
symptoms apin appeared within 2-3 weeks 
after the beginning of the ad libitum regimen. 

The typical symptoms of essential fatty 
acid deficiency were produced heretofore only 
when young rats were used and generallv after 
very Jong periods of fat deprivation.f-»'yet in 
our work the mature rats demonstrated the 
symptoms after a total period of 6-7 weeks 


<5 Evans, II. M., and Lepkovskv, .<5 ' 
Chem., 1932, OG, 587. 


J. Biol. 


’ Am. soc. 

Biol. Cltcm., 193G, 8, XIT 


aCregorr, B., and Dnimund, J C Z 
forschnntr, 1932, 1, 257. ' 


Vifamin- 
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On a fat free diet. Therefore, the technique 
seems to suggest itself for other types of 
experiments where a rapid “growth” (weight 
gain) or some “strain” on body functions is 
desired. 

The ultimate disappearance of the scaly 
paws in these mature rats may be explained 
on the basis of: (1) lower demand for es- 
sential fatty acids when the rate of tissue 
building reaches normal maintenance level, 
(2) synthesis of at least a limited amount of 
an “essential” fatty acid within the animal 
itself, or (3) the combined effect of 1 and 
2 in these mature animals. 

Smedley-Madean and Hume’® found that 
the polyunsaturated acid content of the tissue 
of fat starved rats fell to a very low level 
during the first 6 months of fat starvation. 
In our rats the total amounts of essential fatty 
acids in the emaciated bodies at the com- 
mencement of ad libitum feeding is probably 
very low. Smedley-Madean and Nunn” con- 
cluded that in the process of growth com- 
paratively large quantities of arachidonic 
acid are utilized and disappear. In the light 
of these findings and the observed weight 
gains in our rats with the beginning of the 
ad libitum feeding of the fat free diet it 
seems likely that they further depleted their 
supply of essential fatty acids when the 
scaliness of the paws appeared. After this 

10 Smcdley-Macloaii, I., and llunic, E. 51., Bio- 
chcm. Jo 1941, 35, 990- 

11 Smcdlcj'-51ac!eaii, I., and Nunn, L. C. A,, 
JJiocJiem. J-, 1940, 84, 884. 


there was further weight gain in which es- 
sential fatty acids were further utilized, yet 
the scaly symptoms finally disappeared with- 
out any external source of these acids. There- 
fore, it seems likely that at least a limited 
amount of the essential fatty acids is 
synthesized in the bodies of these mature 
rats. This appears to be in agreement mth 
the work of Harris’- who used the deuterium 
technique and found that under appropriate 
conditions the rat can synthesize the essential 
fatty acid arachidonic acid. 

Summary. 1. Mature rats were maintained 
on a fat free diet for relatively long periods 
without showing any deficiency .symptoms 
except emaciation. 

2. Severe depletion followed by ad libilum 
feeding of the fat free diet precipitated in 
mature rats symptoms including those tjpical 
of essential fatty acid deficiency. 

3. This method is suggested for other types 
of experiments where a “strain” on body 
functions is desired. 

4. Either ethyl linoleate or corn oil pre- 
vented entirely or cured rapidly the symp- 
toms of essential fatty acid deficiency when 
they appeared. 

5. When the rats, after depletion, were 
maintained on the fat free diet ad libitum for 
sufficiently long periods, spontaneous dis- 
appearance of all the symptoms was observed, 
for -which the explanation of some synthesis 
of essential fatty acid is suggested. 

12 lian-is, B, S., 24t)i Aniiunl Boport o£ the BV 
tiona) Live Stock aiitt 5fet Bo.ard, 1940-47. 
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Effect of Carbon Dioxide and Other Gases on Electrocardiogram of the 

Right Ventricle* 

Thomas Durant, Joan Long, Morton J. Oppenheimer, and M. R. Wester. 

From the Departments of MeSidne, Surgery ani Thysiotogy, Temple VniversHy School of 

Medicine, PliiladeXpUia. 


It has been reported*'- that the intra- 
venous injection of carbon dioxide -causes 
the formation of a gas bubble in the right 
ventricle with a concomitant lowering of the 
initial ventricular deflection of the electro- 
cardiogram when this is recorded directly 
from the surface of the right ventricle. Further 
investigation has shown that this electrical 
phenomenon occurs not only with carbon 
dioxide, as was first thought*’- but also with 
the parenteral injection of other gases. 

Procedure. Jlongrel dogs, averaging 6-12 
kilos in weight, were anesthetized with sodium 
pentobarbital (approx. 35 mg/kilo) by vein. 
Respirations were maintained through a 
tracheotomy tube after the chest had been 
opened with a sternum-splitting incision. In 
addition to the standard electrocardiographic 
leads, direct leads were taken by placing a 
wick electrode without pressure on the heart 
muscle through a small slit in the pericardium. 
The various gases were injected through an 
exposed vein. 

The electrocardiograms were taken with 
a Cambridge Simplitrol, using a fast speed 
(SO mm/sec.), a thick string casting a 3 
mm shadow, and increased intensity of the 
light source (using a variac transformer). 
These three improvements made the elements 
of the QRS complex of the electrocardiogram 
much easier to read. 

Results. As has already been described*-- 
when 50-100 cc of a gas is rapidly injected 
into the femoral vein of a small dog (6-10 
kilos), lying supine, the gas collects in the 
right ventricle, blocking the pulmonary conus 

‘ Suynortod in part liy RG 194, X.I.II, 

1 Dur.ant, T., Lonp, .T., nrid Oppcnlieiroer, 51. 
.1.. Am. J. Med. Sc., 1947, 213, 633. 

- Dumnt, T., I.ong, .T., and Oppcnlicimcr. 51. J., 
Fed. Proc., 1947, «, 435, 


and artery, preventing the passage of blood 
into the lungs. The right heart dilates; the 
blood pressure falls. If the gas is carbon 
dioxide, which is quite soluble, it is readily 
absorbed by the blood in 15-17 seconds. 
Circulation through the lungs is resumed as 
the bubble is reabsorbed and the dog recovers. 
Other gases or mixtures of gases, such as 
o.xygen, nitrogen, helium and air, are not so 
readily absorbed, and if the dog’s position is 
not changed, death will occur in 3-5 minutes 
because of the complete block to the pul- 
monary' circulation. If the gas bubble is not 
large, the pulmonary circulation may be re- 
established by turning the animal into the 
left lateral position.® The gas bubble then 
floats up from the pulmonary' conus to the 
apex of the right ventricle and allows blood 
to flow into the pulmonary artery. 

As the gas bubble dilates the right ventricle 
an interesting electrocardiographic change 
takes place. The initial upward deflection of 
the electrocardiogram in a direct lead from 
the right ventricle is lowered or disappears 
entirely. If only a small amount of gas (10-15 
cc) such as carbon dioxide is used, the R 
wave is merely lowered. With 50 cc or more 
of carbon dioxide the R wave disappears 
entirely (Fig. 1). At the same time the P 
wave increases in amplitude and the ST seg- 
ment may be slightly raised, with inversion 
of the T wave. There is no change in the 
PR inter\'al or in the width of the QRS 
complex. .As the carbon dioxide is absorbed 
the R wave reappears and the electrocardio- 
gram assumes its control appearance. Re- 
peated injections of COa produce the same 
sequence of events. 

In fatal e.xperiments rrith the less soluble 

3 Dur.int, T. 5L, liong, J., and Oppentieimcr, 
5r. .T,, Jvi. Dean J., 1947, 33, 969. 
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Fig. 1. 

Male dog, 8.2 kg 9/16/47. A. Two control complexes and beginning of injection of COo at 
millivolt signal (3 millivolts). B. Continuation of A with no complexes omitted. End of injec- 
tion at millivolt signal, 0. Between the end of B and the beginning of G 5 minutes have elapsed. ' 
I). Between G and D 5 minutes have elapsed. Anesthesia: Pentobarbital sodium, 35 mg/kg. 
Camera speed 50 mm/scc. Direct lead from right ventricle. 


gases the R wave disappears and may not 
reappear. In addition the ST segment and the 
T wave changes become gradually more pro- 
nounced.® 

The etiology of the change in the QRS 
complex is of interest. It is known that inter- 
posing an insulating substance such as air 
in hyperdistended lungs between the heart 
and the e.xploring electrode of chest leads 
will cause a lowering of the voltage of the R 
wave.^'® Katz and co-workers® showed that 
when parts of the heart surface are short- 
circuited by means of lead or tinfoil or in- 


C., Am. .T. 

111, 83. 


sulated by glass or rubber, that the voltage of 
the electrocardiogram is decreased. Any such 
etiology is ruled out in these experiments 
because the e.xploring electrode is directly 
on the heart muscle. 

.Another possible cause of the electrocardio- 
graphic change is the anoxia caused by the 
interruption of the blood flow through the 
lungs. Harris and Randall* showed that the 
reduction of the height of the R wave in 
anoxic dogs with closed chests was associated 
with the enlargement of the thorax ns a 
result of the hyperpnea and that there was 
no change in the height of the R wave in 
direct leads from the heart in dogs with open 
chests in concentrations of oxj’gcn as low as 

When animals in our laboratory were sub- 
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Fig. 2. 

Male dog, 8.0 kg 9/30/47. Three control complexes .and beginning of mineral oil injection 
at millivolt signal (3 millivolts). Anesthesia: Pentobarbital sodium, 35 mg/kg. Camera speed, 
50 mm/see. Direct lead from rnght ventricle. Rj and R^ arc present in the control complexes. 
Rj alone is diminished by the injection of mineral oil. The two arrows indicate the duration of 
the millivolt signal. 


jected to asphy.xia by cutting off the artificial 
respiration, the right heart dilated but there 
was no lowering of R. 

Sudden dilatation of the right ventricle by 
means of the rapid injection of 100 cc of 
blood into the jugular vein or by compressing 
the pulmonary artery was found to be in- 
effective in changing the amplitude of the 
R wave. 

.‘\n important possibility to consider is that 
the electrocardiographic changes are due to 
the replacement of blood in the right ventric- 
ular cavity bj’ a dielectric. It was found that 
when mineral oil, a non-conductmg liquid, 
was injected rapidly in sufficient quantities 
to completel}" replace the blood in the right 
ventricle (SO to 100 cc in a 10-kilo dog) the 
same phenomenon occurred, i.c. there was a 
marked lowering or disappearance of the R 
wave (Fig. 2). In each case a post-mortem 
check of the contents of the ventricle was 
made. In one experiment, wherein only 50 
cc of oil was injected in a 12-kilo dog, the R 
wave ivas unchanged, and at post-mortem 


the right ventricle was found to contain some 
oil mixed with a large amount of blood, hence 
complete replacement by a dielectric had not 
occurred. 

The injection of carbon dioxide into the 
left ventricular cavity in several experiments 
resulted in the production of multiple extra- 
sj-stoles, making it impossible to evaluate its 
effect on the R wave in leads from the left 
ventricle. Moreover, we have been, unable to 
adequately fill the left ventricle with mineral 
oil so as to study the effects of this dielectric 
on left ventricular leads. Furthermore, these 
e.xperiments are complicated by the effects of 
coronary artery filling by the injected sub- 
stance. 

Conclusion. The rapid intravenous injection 
of gases or mineral oil in sufficient quantities 
to replace blood in the right ventricle of dogs 
will cause the reduction or loss of the initial 
ventricular deflection of the electrocardiogram 
in direct leads from the epicardial surface of 
the right ventricle. 
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Methionine Excretion. Effect of Diet and Methionine Ingestion in 

Normal Subjects. 

Herbert C. Tidwell, F. A. Slesinski, and C. R. Treadwell.* 

From iJie Bepartmait of Bioehemistri/, Soiithwcstcm Medical College, Balias. 


A number of reports^ in the literature have 
indicated the outstandingly important role 
that methionine may play in nitrogen metab- 
olism. Its utilization has been shown to in- 
volve not only the intact amino acid but 
also the sulfur and labile methyl groups in 
the formation of other essential substances. 
The varied uses of methionine have been 
shown by its lipotropic activity and protein 
sparing action in animals on very low protein 
diets, and by its role in the detoxification of 
a variety of organic compounds.- 

The recently emphasized physiological im- 
portance of methionine, along with our earlier 
studies^ on animals with fatty livers produced 
by diets deficient in this amino acid, suggested 
an investigation of methionine excretion as 
a new approach to the study of methionine 
metabolism and as a possible indication of its 
utilization.'* Changes in urinary methionine 
excretion might be caused by increased re- 
quirements for this amino acid for essential 
body proteins. Also increased requirements, 
ivhich could not be met from available 
methionine, might be reflected by a decreased 
excretory response to a test supplement. 

Information about the e.vcretion of methi- 
onine by normal individuals is scanty. Cle- 
land,® in her study of methionine excretion 
in cystinuria, obtained normal values of the 
same order as those found by Albanese and 
coworkers,*'® and they both reported an im- 


» Present address: Dep-artBieiit of Bioelieiiiistry, 
George ■Washington ITnivorsity, Sciiool of Atcd- 
ieinc, Waslungton. 

iLugg, J. W. H., Jiiii. Jlrv. SioeUcm., Stanford 

Vnivcrsitg, 1915, I'll 2/1- 
2 jmicr, L. I/., J- Siol. Chon., 194i, 152, 603. 

Also references 1 and 5-7. , - . t 

3 Trc.-jancll, 0. B., Tidwell, 11. C., :nul G.osf, J. 
H J. Biol. Clieirt., lOW, 237. 

4 Albanese, A. A., Ball. Johns Horl m.s Uo-^p., 

1944, 75, 175. 


mediate rise in its excretion after ingestion of 
the free amino acid. If an increase in the 
protein intake should cause a rise in the 
e.vcretion of methionine as in the cystinuric," 
then the effect of fasting and of various 
dietary regimes, such as low protein, higher 
protein, and high fat diets, upon its urinary 
loss should be considered in excretion studies. 

Methods. The subjects used in this study 
were 80 male medical students. The urinary 
samples for methionine analysis were collected 
over the 6-hour period, 7 a. m. to 1 p. m., and 
for the subsequent 18 hours when 24-hour 
collections were desired. The 6-hour collec- 
tions were included as a more convenient 
period of measurement since .Albanese* has 
shown a return to the normal level of e.xcretion 

3 hours after an intake of 1.5 g of methionine, 
with equal utilization of the natural and 
racemic fprms. Usually on the follomng day 
at 7 a. m., the subjects, fed or fasted, were 
given 1.0 or 1.5 g of d/-methionine orally. 
The urine collections were started at that time 
and completed at the end of the same periods 
used for the controls. 

In a second experiment, low protein, higher 
protein, and high fat diets were followed for 

4 day's by selecting food from lists of items 
suitable for such diets. Urine collections were 
made on the last day of the special diets. 
Besides methionine, total nitrogen and pH 
values were determined on these urine samples 
to indicate how well the diets had been fol- 
lowed, The subjects on high fat diet ingested 
20% cream which contains about 2.5 times 
more ketogenic than antiketogenic substances. 
This accounts for the fair intake of methionine 
and only traces of acetone in the urine. They 

5 Clclaiid, J. B,, jivslralian J. Exp. Biol, and 
Med. Science, 1945, 23, 273. 

<• Alb.mesc, A. A., Fr.inRston, .T. K., .iiiil Irby, 

V., J. Biol. C/iem., 1944, 150, 293. 
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were given a supplement of 1.5 g of methi- 
onine and only the 6-hour collections were 
examined. Separate normal excretion values 
were obtained on these subjects at this time. 

The second experiment was repeated in 
part on a similar group of students one year 
later. In addition, 24-hour urine collections, 
after fasting and a high fat diet, were ob- 
tained for examination. Both of these groups 
developed a marked ketonuria. 

In all these studies, total nitrogen excretion 
values were used to calculate the protein in- 
take of the subjects on the various diets, after 
allowing 3 days on the diet for stabilizing 
the plane of nitrogen metabolism. Methionine 
intakes were estimated by assuming that the 
protein of the diet contained an average of 
3% methionine.' The urinary methionine was 
determined according to the method of Al- 
banese et al} Quantitative recovery of methi- 
onine added to the urine by us indicates 
the suitability of the method for the estima- 
tion of methionine in urine. However, it 
must be remembered that the method will 
respond to any other unknown terminal thio 
ether or thiocarbonyl group containing sub- 
stances of the urine. The data were analyzed 
according to the t method of Fisher* and only 
those results showing a P value of 0.01 or less 
were considered significant. The standard 
error of the mean for each value is given 
%vith the data. 

Results. Our results on the dailv urinary 
e.xcretion of methionine by the adult male 
compare favorably with those of Albanese 
ct al.^ and Cleland.'' The former group found 
an excretion of 247 to 494 mg of methionine 
per day in a series of 7 obser\’ations. Using 
80 different subjects, we obtained an average 
daily excretion of 318 rt 9 mg (range 199 to 
518 mg) or about 4.5 mg per kg body weight. 

The methionine excretion during 6- and 
24-hour periods and following the ingestion 
of a 1.0 or 1.5 g supplement is shown in 

I Block, I?. J., and Bolling, D., The Amino Acid 
Composition of Proteins .and N.ntural Foods, C. 
C. Thomas, Springfield, 111., 1044. 

S Fisher, K. A., St.atisticnl Methods for Bcsc.-ircli 
Workers, 7th cd., Oliver and Boyd, Edinburgh, 
1P3S. 


Table I. The latter supplement was approx- 
imately one-half of Block’s estimate® of the 
average daily intake of methionine. An in- 
creased amount of methionine was excreted 
after the one g test supplement and definitely 
more after the 1.5 g. However, the percentage 
of the supplement excreted was the same 
in both cases, approximately 9% in 6 hours 
and 15% in 24 hours respectively. An over- 
night fast caused only a slight change in the 
methionine excreted, either in the absolute 
amount of the amino acid, or in the per cent 
of the test supplement given. Thus, if ex- 
cretion be taken as a measure, the major 
part of the free amino acid was utilized 
(stored or metabolized) even when the intake 
was markedly increased by the additional 
methionine ingested. 

The remainder of this study was concerned 
with the effect of fasting and of various diets 
upon the daily methionine excretion in the 
normal subject. Three types of diet were 
ingested — low protein, higher protein, and 
high fat diets. The total nitrogen of the urines 
of subjects on these diets sers'ed as a check 
upon the protein intake. .Averages of 6.5, 17.7, 
and 9.3 g of total urinary nitrogen per day, 
respectively, were obtained in the second ex- 
periment. The pH of the urines, the methi- 
onine intakes and amounts excreted are 
included in Table II. Similar data for the 
third experiment are shown in Table III. 

There was no significant difference in the 
final 24-hour urinary methionine excretions 
by the subjects on the low and higher protein 
diets for a period of 4 days. This was true 
in both experiments on humans (Table II and 
III), and the observation has been confirmed 
with rats.'" These results are supported bj' 
the relative constancy of the neutral sulfur 
e.xcretion.'^ Thus marked variations in the 
protein content of the diet,! did not affect 
the daily urinary loss of methionine in these 

Block, 15. .T., Fate 3. Biol. Med., 1043, 15, 723. 

u> Tiflwcl], H. C'., iinpublislied d.at.o. 

11 DchcI, II. J., .Tr., Santliford, I., Sandiford, K., 
and Bootliln-, W. M., J. Siol. Clicm., 1928, 7C, 391. 

i Since completion of these studies, a similar 
observation has been reported by Johnson, R. M., 
Deuel, II. .T.. Jr., Morehouse, lit. G,, and Mehl, J. 
W., 3. Xutntion. 1947, 83, 371. 
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TABLE I. 

. Effect of iletliionine Ingestion upon Its Excretion, 
ingested their nomal diets at the usual hours while the fasted subjects had 
no food for 18 hours deluding the 0 hours of the urine collection. The normal diets contained 
ap proximately 2 g methionine per day, 

ilethionine excreted 


No, of 
subjects 

Nutritional 

state 

iTethioninc 

supplement, 

g 

1 

Ghr 


24 hr 

total, 

mg 

per kg, 
mg 

total, 

mg 

per kg, 
mg 

11 

Eed 

0.0 

99 

1.41 

406 

5.79 




:t 5 

±0.07 

-4-13 

-4-0.02 

11 


1.0 

185 

2.65 

550 

7.85 




-4-11 

±0.16 

-4-18 

-4-0.28 

15 


0.0 

98 

1.37 

415* 

5.73* 




rt: 5 

-4-0.20 

±32 

-4-0.46 

15 


1.5 

229 

3.16 

665* 

9.34* 




-4- 9 

-4-0.15 

-4-41 

±0.46 

11 

Easted 

0.0 

83 

1.15 






•+. 5 

-4-0.07 



11 

yj 

1.5 

206 

2,85 






St 7 

-4-0.18 




* Includes S subjects. 


TABLE U. 

Effect of Diet on Drinary Metiiionine Excretion. 

Exp. 2. Subjects ingested the special diets for 4 days. Determinations wore made on samples 
collected during the 6 or 24 hours of the last day. Daily methionine intake was estimated by 
assuming that the protein of the diet contained 3% metbiomne.'i _______ 


No. of 
subjects 

Dietary 

regime 

Urine pH 

Calculated 

methionine 

intake, 

g/day 

Methionine excreted 

r 

total, 

mg 

per kg, 
mg 

12 

Low protein 

6.2 

1.22 

267 

3.75 



-4-0.2 

±o.n 

-4-15 

-4-0.19 

9 

Higher protein 

5.6 

3.32 

252 

3.52 



-4-0.1 

-4-O.OC 

±19 

-4-0.24 

28 

Average 



257 

3.62 





:ill 


9 

Normal 

6,5 

2.10 

Sot 

1.24t 



±0.3 


-4- 5 

±0.14 

9 

33 * 


2.10 

2231 

S.llt 




'+'0.15 

±11 

-4-0,15 

11 

High fat* 

6.0 

1.74 

154f 

2.25f 



±0.1 

±0.13 

-4- 9 

±0.13 

— — -t 


After a 1.5 g test supplement of methionine, 
t Determinations made on G-hr eolieetions. 


subjects. The increased methionine e.xcretion 
after the ingestion of the free amino acid as 
compared with that after its ingestion in the 
form of protein might be e.xplained by an in- 
rreased rate of absorption from the gastro- 
5Sstinal tract. Frataer^ found that the 
oral administration of hydrolyzed protein pro- 
duced a greater increase in the blood ammo 
acid level than did the ingested intact protein, 

133, 23r: 


and that methionine caused higher levels than 
did some of the other amino adds. The higher 
blood levels might account for the increased 
methionine e.vcretion after the ingestion of 
the free amino add. 

Although a marked change in the protein 
intake was without effect on the urinary me- 
thionine e.xcretion, a 3-day fast or high fat 
diet was associated ivith a significantly de- 
creased axcretion as compared wiUi that on 
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TABLE III. 


Effect o£ Diet on L'rinary Methionine Excretion. 

Exp. 3. Determinations were made on 2-1-hour samples of the fourth day on these dietary 
regimes. Daily methionine intake calculated as in Table II. 


No. of 
subjects 

Bietarj’ 

regime 

Hrine pH 

Total N 
excreted, 
g/day 

Calculated 

methionine 

intake, 

g/4ay 

Methionine excreted 

total, 

mg 

per kg, 
mg 

13 

Low protein 

G.6 

7.15 

1.34 

298 

4.18 



±0.1 

-+-0.34 

±0.07 

-+-14 

-4-0.20 

12 

Higher protein 

6.0 

17.74 

3.33 

290 

4.21 



-t-0.1 

-+-1.29 

-4-0.24 

-4-12 

±0.26 

12 

Higli fat 

5.7 

11.88 

2.23 

252 

3.48 



±0.2 

-+-0.97 

±0.18 

±30 

-4-0.43 

9 

Easting 

3.1 

11.95 

0 

269 

3.42 



-t-0.0 

±0.74 


-4-26 

±0.39 


the low and higher protein diets used. .\lso, 
there was a marked decrease in the urinarj' 
methionine after a lest supplement was given 
the subjects on the high fat diet as compared 
with the normal control values as shown in 
Table II. Circumstances prevented 6-hour 
high fat control values on these subjects, but 
a decreased loss of methionine was found in a 
24-hour test in a similar group in the third 
experiment. Hence a lowered base level of 
excretion, and a possible slower rate of ab- 
sorption, might account for a part of the 
decreased excretion of the supplement in 
these subjects. However, it is evident that a 
very high fat intake or fasting, accompanied 
by a ketonuria, was associated with a decrease 
in methionine excretion. Increased needs for 
methionine for lipotropic requirements at 
times of excessive fat metabolism, owing to 
a very high fat intake or the excessive use 
of body fat during fasting, might account for 
the decreased excretion in these subjects. 
In this case greater body needs appear to 
be followed by a decreased excretory response. 

The e.xcretion of less methionine by the 
subjects on the special diets as compared with 
that of the others in this study was associated 
with smaller urine volumes during warmer 
weather. The urines for the dietary studies 
were collected around May 30 when the 
average temperature was above S0°F, while 
the other values were obtained during Feb- 
ruary and hlarch with temperatures averaging 
near dO^F . Lack of other known variables 
than the temperature suggested possible losses 
of methionine through channels other than 


the kidneys. Nevertheless, we were unable 
to correlate the daily urine volumes and the 
urinary methionine excretion in the various 
experiments. 

Another interesting fact was noted when 
the per cent retentions of methionine on the 
different protein intakes in the last two 
experiments were compared. Values of 78% 
retention on the low, and 92% on the higher 
protein diets were almost identical in the 
last two e.xperiments. This decreased loss in 
the latter case suggests an increased utiliza- 
tion of methionine with the higher protein 
intakes. 

Summary. Observations on a series of 80 
normal male subjects, on a normal control 
diet, indicated an average daily urinary ex- 
cretion of approximately 318 ± 9 mg of 
methionine. The increase in methionine ex- 
cretion during the 6- and 24-hour periods 
following the ingestion of a 1.0 or 1.5 g 
supplement of methionine in addition to that 
of the usual protein intake only amounted 
to approximately 9 and 15% respectively of 
the intake of the free amino acid. 

The ingestion for 4 days of diets of varying 
protein content showed no change in the 
daily urinary methionine excretion as a result 
of such variation. A decrease in the methionine 
normalh’ e.xcreted occurred when the subjects 
were on a high fat diet or when, on a 6-hour 
test, they were given a similar test supplement 
of methionine. Increased lipotropic require- 
ments might account for the decrease in the 
loss of methionine after a 3-day fast or high 
fat intake. 
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An Acoustical Indicator of the Systolic End Point in Rat Blood Pressure 

Determinations.’ 


J. R. Chittum, H. C. Hill, Jr., and K. S. Crimson. 

From the department of Surgery, duke University School of Medicine, diirham, X. C. 


An electrical device for determining the 
systolic end point of rat blood pressures has 
been described by Skeggs and Leonards.^ It 
consists of a small carbon telephone trans- 
mitter button placed in series with an am- 
meter in a low voltage wheatstone bridge 
circuit. Pressure on the button decreases its 
resistance resulting in deflection of an am- 
meter needle. Pressure is transmitted from 
the tail to the button by means of a simple 
lever system. Engorgement of the tail vessels 
and increase of size with pressure on the but- 
ton occur at the systolic blood pressure level 
following release of occlusion of the base of 
the tail by an air cuff. At the moment of de- 
crease in electrical resistance and sweep of 
the ammeter needle, blood pressure is read 
from a manometer in the air cuff system. 

This electrical end point device of Skeggs 
and Leonards requires alternate visual ob- 
servation of an ammeter needle and of a 
sphygmomanometer. The modification to be 
described was devised to facilitate and im- 
prove accuracy of readings by permitting 
simultaneous visual and auditory observation. 
A set of headphones and an amplifier circuit 
was substituted for the ammeter. Decrease of 
resistance Vidthin the carbon button at the 
end point is heard as a change of tone per- 
mitting undivided visual attention to the 


sphygmomanometer. 

Acoustical Indicator. The circuit for the 
acoustical indicator is illustrated in Fig. 1. 
A sensitive carbon button similar to that of 
the Skeggs and Leonards apparatus is placed 
in the grid circuit of a ILE3 triode amplifier 
tube The neon lamp employed is of low 
wattage VA and has no internal resist- 
or. The fixed condenser has a capacity of 


* Tliis research was supported hy a grant from 
the Ciba Phammeoutkal Products, Inc., Summit, 

""i Skeggs, Ii. T. nnd Leonards, J. P., I>HOC. Soc. 
Ei SnAKuMra, 1940, 63,294. 


0.002 Mfd. A variable resistor of 5,000 ohms 
is placed in series with the carbon button and 
another variable resistor of 7,500 ohms is 
put in series with the cathode and the neon 
lamp. A fixed carbon resistor of 270,000 ohms 
is required in series with the plate of the triode 
tube. The headphones have' a resistance of 
3,000 ohms. 

The circuit operates on direct current from 
batteries. A switch is provided to disconnect 
all batteries except the 120 v' power supply 
when the apparatus is not in use. This 
circuit produces a rapidly interrupted current 
audible in the headphones as a distinct tone. 
The tone can be varied to a higher or lower 
pitch by changing the two variable resistors 
permitting adjustment for ma.ximum change 
of pitch when engorgement of the vessels of 
the rat’s tail produces pressure on the carbon 
button. 

Method of Use. The technique of taking 
rat blood pressures with the acoustical in- 
dicator is similar to that used when eniplojnng 
the ammeter circuit. The rat tail is adjusted 
in the carbon button holder and then the 
acoustical indicator is switched on. The pres- 
sure in the air cuff is elevated above the 
e.xpected blood pressure and then slowly re- 
leased. The tone in the headphones rises 
during inflation of the cuff and decreases with 
release of the cuff pressure until the systolic 
end point is reached when the pitch again 
increases. The end point is indicated by a 
smooth, rapid increase in pitch which, after 
attaining its maximum height, will be main- 
tained until the cuff pressure is lowered 20 
to 70 mm Hg below the systolic pressure. 
•Artifacts produced by movements of the 
tail are distinguishable as rapid, transient 
changes in pitch. 

Unfortunately" it has not been possible to 
obtain blood pressure readings without pro- 
ducing vasodilatation of the tail by preparing 
the rat. The conventional method of obtaining 
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vasodilatation is heating of the entire rat or 
of the tail alone. Williams, Harrison, and 
Grollman- have reported heating of the entire 
rat, exposing it to 40-42 °C for 10 minutes 
before obtaining readings. They used the 
plethysmograph technique. Sobin® has re- 
ported equal success after heating the tail 
alone. Proskauer, Neumann, and Graef'* have 
reported that heating elevates rat blood pres- 
sure. In our experience heating of the entire 
animal at 40-42 °C for 10 minutes increased 
the rectal temperature on the average 3.3° 
Heating the tail alone at 42-45 °C increased 
the rectal temperature on the average 1.9°C. 
However, heating either the entire animal or 
the tail alone produced comparable readings 
of systolic blood pressure. 

Another method of obtaining readings is 
the use of a peripheral vasodilating agent. 
2-Benzyl-4, 5-Imidazoline HCl (Priscol) di- 
lates the tail vessels of the rat and permits 
determination of systolic blood pressure with- 
out increase of temperature of the rat. Ad- 

2 Williams, .T. R.. .Tr., Harrison, T. R., and Groll- 
nian, A., J. Clin. Invest., 1939, 18, 373. 

3 Sobin, S. S., Jin. J. Physiol., 194C, 14C, 179. 

•• Proskauer, G. G., Neumann, D., and Gracf, I., 
.Itn. J. Phy.siol., 1945, 143, 290. 


ministration of 3-4 mg/kg Priscol intra- 
muscularly permitted blood pressure readings 
after 45 to 60 minutes which could be re- 
peated at will during a period up to 9 or 10 
hours after the drug. 

Either heat to the entire rat or Priscol was 
used for the e.xperiments below comparing 
3 methods for blood pressure determinations, 
Grollman (plethysmographic), Skeggs and 
Leonards, and the acoustical modification. 

Experimental Evaluation. Readings of the 
rat systolic blood pressure were compared 
using the Grollman plethysmograph tech- 
nique, the ammeter circuit, and the acoustical 
indicator. (Table I). Simultaneous readings 
were obtained with the plethysmograph and 
one or the other electrical end point devices. 
Readings were repeated alternating the elec- 
trical methods thereby comparing all 3 meth- 
ods in 6 to 7 minutes. Plethysmographic 
readings were consistently lower than obtained 
with either electrical device. The average dif- 
ference in blood pressure was 3-5 mm Hg 
with heated rats and 9-10 mm Hg with un- 
heated Priscol treated rats. Both electrical 
end point devices would often give blood 
pressure readings following Priscol prepara- 
tion when they were unobtainable with the 
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„ . ^ o TABLE I. 

Oompanson of Systolic Blood Pressure Headings by 3 Methods in Heated Hormal Eats and in 
Priscol Treated Bats Without Heating. 


Eat 

Eats heated 10 min. at 40 

°-41‘’C 


Priscol treated 


Plethysmograph 

Ammeter 

\ 

Headphones 

Plethysmograph 

Ammeter 

Headphones 

1 

108 

112 



90 


104 


112 

110 



90 


94 


112 

114 



88 


92 


104 


114 


90 

110 



106 


108 


100 

106 



110 


116 


98 

102 


2 

98 


102 

<- 

100 

112 



98 


98 


98 

104 



96 


96 


90 

108 



90 

90 



96 


102 


90 

90 



94 


102 


88 

88 



90 


98 

3 

116 


122 

t 

70 • 


88 


114 


118 


78 


92 


114 


120 


84 


104 


118 

122 



90 

94 



116 

116 



86 

96 



112 

116 



82 

90 


4 

84 

88 


i 

80 

94 



82 

84 



90 

90 



84 

84 



86 

92 



78 


82 


82 


96 


80 


84 


84 


96 


78 


82 


80 


94 

— — f 

« 

3 mg/kg Priscol I.M. 

t 4 mg/kg Priscol I.M. 






pkthysmograph. This greater sensitivity was 
observed during the periods of minimum vaso- 
dilatation before and after the maximum effect. 
Frequently readings taken by the ammeter 
circuit and the acoustical indicator coincided. 
However, the acoustical indicator gave read- 
ings that averaged 1.25 mm Hg above those 
of the ammeter circuit when a series of 100 
readings by each device was compared. 

Conclusion. The acoustical modification of 
the Skeggs and Leonards apparatus described 


facilitates determination of the blood pressure 
of rats but can be used only after vaso- 
dilatation produced by heat or drugs, Priscol 
produces vasodilatation sufficient for repeated 
blood pressure determination during a 9- or 
10-hour period. 

We wish to express appreciation to A. A. 
Poster for directing our attention to the electrical 
circuit herein described and to h. T. Skeggs nnd 
J, E. Leonards for one of their electrical end 
point devices. 
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Relaxin Content of Blood, Urine and Other Tissues of Pregnant and 
Postpartum Guinea Pigs.^ 

M. X. ZAKKOW.t (Introduced by Frederick L. Hisaw.) 

From the Stologicol Lahoraiories, Sarvard TJnivcrsiUj, Cambridge, Mass. 


Relaxin was first detected in the blood of 
pregnant rabbits and guinea pigs (Hisawi) 


* _yaed in part by a grant from the Bonner 
Foundation to Prof. Prcderick L. ffisavr. 

t Present address, Department of Plmrmacologr, 
Tale University School of Medicine, New Haven, 

Conn. 


and was subsequently found in the blood of 
pregnant sows, dogs, cats, mares and tvomen 
(Hisaw;- Brouha and Simonnet;^ Pommer- 
enke;'* Abramson, Hutwitt and Lesnick'^). 
Separation of the pubic bones which occurs 

1 lUsaiv, P. L., Pnoc. Soc. E-XP. Bion. akd Med., 
192G. 23, CGI. 
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during the normal gestation in the guinea 
pig has been described by a number of in- 
vestigators and this reaction, as induced 
experimentally by relaxin, has been used ex- 
tensively in the assay of this hormone. Never- 
theless, except for the rabbit (hlarder and 
iloney®) no attempt has been made to deter- 
mine the amount of relaxin present throughout 
the various stages of pregnanc 3 ^ Therefore, 
it was felt desirable to study quantitatively the 
concentration of relaxin in the blood, urine, 
uterus and placenta of guinea pigs at different 
times of pregnancy and after delivery of the 
j'oung. 

Methods. Adult female guinea pigs weigh- 
ing from 600 to 800 g were mated and preg- 
nancy dated from the morning on which the 
presence of vaginal plugs was noted. The 
average length of pregnancy was considered 
to be 68 days (Young and Blandau"). Blood 
was obtained from the animals by cardiac 
puncture at definite intervals after mating 
and the blood serum from a group of guinea 
pigs of a similar length of pregnancy pooled 
in order to obtain a sufficient quantity to 
carry out relaxin determinations. Urine 
samples were secured from a number of 
guinea pigs for a 24-hour period prior to 
obtaining the blood and dialyzed against 
running tap water. Placente and uteri were 
removed from animals on the 56th and 63rd 
day of pregnancy, ground up and extracted 
twice with 3% HCl. The extracts were kept 
in the cold at a pH of approximately 0.5 
and prior to injection were brought to pH 
7 with 10% NaOH. 

The assays for relaxin content were per- 
formed according to the method of Afaramo- 

” 2 Hisaw, P. I/., Fhysiol. Zool, 1929, 2, 39. 

3 BrouUa, L., and Simonnot, H., Compt. Tend. 
Soc. clc Mol., 1928, 09, 1709. 

■1 Ponunerenkc, IV. T., Am. J. OVst. and Gynecol., 
1934, 27, 708. 

i Abramson, D., Hurwitt, D., and Lcsnick, G., 
Siiry. Gynec, and Ohst., 1937, C5, 335, 

G JIarder, S. K., and Money, W. L., Endocrinol., 
1944, 34, 115. 

I Tonng, W. C., and Blandau, B. J., Science, 1930, 
84, 270. 

s Abraniowitz, A. A., Money, TV. L., Zarrow, 
M. X., Talmagc, B. V. N., Klcinliolz, L. H., and 
Hisaw, F. B., Endocrinol., 1944, 34, 103. 


witz et al.^ except that the guinea pigs were 
pretreated with one pg of estradiol daily for 

3 dat's. Each sample was tested at several di- 
lutions in order to abtain a concentration 
that gave a 67% response. The guinea pigs 
used for the relaxin determinations were part 
of a large colony maintained solely for assay 
purposes. In addition to the animals employed 
in the assaj' a total of 80 guinea pigs were 
used in this investigation, 57 for the study of 
pregnancy and 23 following parturition. The 
relaxin content of the blood serum was deter- 
mined at 15. 21, 28, 35, 42, 49, 56, and 63 
days after mating and at 2, 6, 24, and 48 
hours postpartum. Twent 5 >'-four-hour samples 
of urine were obtained 42, 56, and 63 days 
after mating and the uterine and placental 
tissues were removed at 56 and 63 days of 
pregnancy. 

Results. Relaxin assays on the 15th day 
of pregnancy were negative at a level of 10 
ml of serum. However, a positive response 
was obtained by the 21st day indicating ap- 
pro.ximately 0.25 G.P. units per ml. (Fig. 1). 
Between the 21st day and the 2Sth day the 
concentration of relaxin was doubled, reach- 
ing a maximum value of 0.5 G.P. um’ts per 
ml of serum. This level was maintained for 

4 weeks and was followed by a drop to 
0.33 G.P. units per ml by the 63rd day of 
pregnancy. Shortly after parturition a second 
and more precipitous decrease took place so 
that in the 4S-hour postpartum guinea pig 
relaxin was no longer detectable in 10 ml 
of blood serum. 

The urine showed an activity of 0.5 G.P. 
units of relaxin per ml at 42 and 56 days of 
pregnane}-, and appro.ximately 0.25 G.P. units 
per ml of urine on the 63rd day. It is of inter- 
est to note that the drop in the relaxin con- 
centration of the urine occurred at the same 
time as that in the blood serum. The total 
volume of urine for a 24-hour period varied 
from 10 to 20 ml so that the guinea pigs 
e.xcreted in their urine from 5 to 10 G.P. 
units of relaxin daily between the 28th and 
56th days of pregnancy. 

Approximately 10 G.P. units of relaxin 
per gram of fresh tissue was found in the 
uterus of the guinea pigs on the 56th day of 
pregnancy whereas the placenta showed a 
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Via. 1. 

The relasiu content of the blood serum of pregnant and postpartum guinea pigs. Parturi- 
tion (P) occurred 68 days after mating. 


relaxin content of S G.P. units per gram. On 
the 63 rd day of pregnancy the uterus still 
contained 10 G.P. units of relaxin per gram 
of fresh tissue while the placenta had only 


2.5 G.P. units per gram. 

Discussion. A series of 20 guinea pigs were 
palpated daily starting with the first day of 
pregnancy in order to determine the time at 
which relaxation of the symphysis pubis 
normally occurred. Relaxation was first de- 
tected on about the 20tb day (range, 18 to 
25 days), which compared favorably with the 
time at which relaxin first appears in the 
blood of the pregnant animals (Fig. 1.) It 
should be further pointed out that these two 
events may also be correlated with the time 
durin-^ which the placenta undergoes its most 
rapid^development (Marshall®). There is a 
similar correlation in the rabbit between the 
development of the placenta and the appear- 
ance of relaxin in the blood (Marder and 
Arnnev") The maximum concentration of 
r^axii found in the blood of the pregnant 
• ' nitr was 0 5 G.P. units per ml of serum 

SS is" one-twentieth concentration 

_ Tlie Plwsiology of 

0 Marshall, i. * - > Croon nnd Co., London. 

Ecproauction. Uongmaus, Green ana 


found in the pregnant rabbit. 

The fall in the relaxin content of the blood 
serum of the guinea pig previous to parturi- 
tion is significantly different from the situa- 
tion in the pregnant rabbit. In the rabbit the 
relaxin concentration is maintained at a 
plateau until parturition, at which time a 
precipitous drop occurs (Marder and Mon- 
ey®). However, there is some evidence which 
indicates that the situation in the pregnant 
woman may be similar to that in the guinea 
pig. It has been, found that the amount of 
relaxin in the blood serum of pregnant women 
is considerably greater during the first half 
of pregnancy than during the Sth month 
(Pommerenke,* .Abramson, Hurwitt, and Les- 
nick®). Thus, it would appear that in both 
the guinea pig and woman, unlike the rabbit, 
changes take place prior to parturition result- 
ing in a decreased production of relaxin. 

From the results obtained on the relaxin 
content of the uterus and placenta of the 
guinea pig at 56 and 63 days of pregnancy it 
would appear that the drop in the relaxin 
concentration of the blood serum may be due 
to a decreased output by the placenta. How- 
ever it is not possible to account for this 
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Avith certainty and the problem is further 
complicated by the fact that a species differ- 
ence may exist with regard to the part of the 
female reproductive tract that may serve as 
a source for relaxin. 

Summary. Relaxin is found in the blood of 
guinea pigs on about the 21st day of preg- 
nancy, at which time relaxation of the sym- 
physis pubis may first be detected by pal- 
pation. The concentration of relaxin reaches 
a peak of 0.5 G.P. units per ml of blood serum 
on the 28th day and is maintained until the 
63rd day when the concentration falls to 
0.33 G.P. units per ml. Immediately after 


parturition a precipitous decline of the relax- 
in content of the blood serum takes place. 
The urine shows a concentration of 0.5 G.P. 
units of relaxin per ml at 42. and 56 days of 
pregnancy with a drop to 0.25 G.P. units by 
the 63rd day. The uterus contains about 10 
G.P. units per gram of tissue on the 5 6th and 
63 rd day of pregnancy whereas the placenta 
shows 5 G.P. units per gram of tissue on the 
56th day and 2.5 G.P. imits on the 63rd day. 
It seems probable that the drop in serum 
relaxin in the latter part of pregnancy may 
be due to a decreased output from the pla- 
centa. 
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Enhancement of Effect of Chorionic Gonadotrophin on Ovarian Hyperemia 
in the Rat by Pituitary Extract. 

A. E. Rakoff and Paul H. Fried.* 

From ilie Department of Ohslctrics an4 Gpnccology, and the Hospital Laboratories, 
Jefferson Medical College, Philadelphia. 


The earliest demonstrable effect of chor- 
ionic gonadotrophin on the ovary of rats is 
the appearance of hyperemia.^ This reaction 
has been used with varying degrees of success 
for the rapid diagnosis of pregnancy. Attempts 
to enhance the effect of chorionic gonado- 
trophin on ovarian hjperemia led to our pres- 
ent use of a pituitary extract for this purpose. 
This was based on the well-known synergistic 
effect of certain anterior pituitary extracts in 
augmenting the ovarian response when used 
in conjunction with chorionic gonadotrophin.” 
The effective component of such pituitary 
extracts is not knoum. The earlier claims^ 
that such “synergists” represent a distinct 
gonadotrophin no longer seems likely in view 
of later work-* indicating that similar effects 
can be obtained with follicle-stimulating 
gonadotrophins (F.S.H.). The pituitary s}m- 
ergistt employed in these studies is reported 
to be chiefly F.S.H., with traces of luteinizing 
principle.'' Prolactin was not demonstrable. 

* Scticring Fcllovf m Gynecologic anil Obstetric 
Endocrinology. 

1 Zondek, B., and Snlman, P., ntaniins and 
Hormones, 1915, vol. 3, p. 32S, Academic Press, 

X. T. 


Methods and Results. The 28- to 32-day- 
old, SO to 60 g immature albino female rats 
used were of a mixed strain of unknown 
identity. Chorionic gonadotrophin, the pitui- 

~ a. Ev.ms, H. M., Meyer, K., and Simpson, M. E., 
Proc. Soc. Exp. Biol, axd Med., 1931, 28, 
843. 

b. Evans, H. M., Meyer, K., and Simpson, M. 
E., Am. J. Physiol., 1932, 100, 111. 

c. Pevold, H. L., Hisaw, F. L., Hellbaum, A. 
A., and Hertz, B., Am. J. Physiol., 1933, 
104, 710. 

d. Pevold, H. L., Hisaw, F. L., and Hertz, E., 
Proc. Soc. Exp. Biod. and ^Ied., 1933, 30, 
914. 

e. Leonard, S. L., Pkoc. Soc. Exp. Biol, and 
Mim., 1932, 80, 403. 

f. Leonard, S. L., and Smith, P. E., Am. J. 
Physiol., 1934, 108, 22. 

g. Smith, P. E., and Leonard, S. L., Pp.oc. 
Soc. Exp. Biol, and Med., 1933, SO, 1248. 

h. ColUp, ,T. B., Sclye, H., Anderson, E. M., 
Thomson, D. L., J.A.M.A., 1933, 101, 1553. 

s a. Ewans, H. M., Simpson, M. E., and Austin, 
P. E., J. Exp. Med., 1933, 37, 897. 

b. Evans, H. M., Simpson, M. E., and Austin, 
P. H., J. Exp. Med., 1933, 58, 545. 

c, Evans, H. M., Peneharz, B. I., and Simpson, 
M. E., Endocrinology, 1934, 18, GOl, C07. 
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Enhancement of Ovarian Hyperemia Reaction 
vr . . . table I. 

Response witli “S arying Dosagesof Cliorioiiic Gonadotrophin and Svncrgisf. 


Dose of svncrgist (units) and response 


Dose 

Chorionie 

Heaction ' Gonad. A'one 0.044 0.022 0.011 0.0044 o,0022 ^ 

(TR-) Eos. N'eg, Pos. Xeg. ^ Pos. A'eg. Pos. Neg. Pos. Neg. Pos. N^g. 
- _____ 


None 

0.60 

0.55 

0.50 

0.45 

0.40 

0.30 

0.20 

O.IQ, 


19 

4 

0 

0 

0 

0 

0 

0 


6 

9 

11 

5 

5 

4 

4 

4 


0 

4 

4 

5 
5 
3 
3 
0 
0 


IS 

0 

0 

0 

0 

0 

0 

3 

3 


9 

0 

0 

0 

0 

0 

0 

3 

3 


0 

5 

1 

0 

0 

1 

0 


5 

0 

3 

3 

4 
2 

5 


1 hr 15 min 


None 

0.65 

0.60 


1 hr 


None 

0.70 


tary synergist, or their combination was in- 
jected intraperitoneally into a total of 307 
rats. The rats were asphj^-iated with ether 
and autopsied after one, 134 or 2 hours. The 
reaction was considered positive if one or 
both ovaries were light to dark crimson, and 
negative if both were pale or pinkish. The 
details, of the technic used have been de- 
scribed <by Kupperman and Greenblatt.® 

The results are given in Table I. There 
were no positive reactions with the synergist 
alone. Chorionic gonadotrophin in a dosage 
of 0.6 I.U. produced positive reactions in 
76fo of 25 rats. The percentage of positive 
results could not be increased by raising the 
dosage higher. When 0.0044 or more units of 


■i a. Evans, H. M,, Simpson, M. E., Tolhsdorf, S., 
and Jensen, H., Endocrinology, 1939, 25, 
529. 

b. Jensen, H., Simpson, M. E., and Tolhsdorf, 
S., Endocrinology, 1939, 25, 57. 
t The synergist was prepared from siiecp pltnitar- 
ies. The unit was defined as the amount of 
sj-nergist whicli in combination witii 15 I.tT. of 
chorionic gonadotrophin will cause a 5-fold in- 
crease in ovarian weight over that of the uninjccted 
controls. Human chorionic gonadotrophin was 
present in an .amount equivalent to about 0.25 
IH per mg (22.2 units) of synergist. The 
svnergist was kindly furnished by Dr. E. Scliwoi.K 
of the Schering Corp., Bloomfield N .J. 

5 Cutnly, B., Endocrinology, 1?^- 
c Kupperman, H. S., and Greenblatt, R. B., 

South. 2M. J., 15S. 


s\'nergist were added to this minimal effective 
amountf of gonadotrophin, strong positive 
reactions were present in 100% of 22 rats. 
With subminimal doses of chorionic gonado- 
trophin alone, positive reactions began to 
appear only after the injection of 0.55 I.U. 
or more. Strong positive reactions were noted 
in all rats injected with 0.30 to 0.55 I.U. of 
chorionic gonadotrophin if 0.022 or more 
units of synergist were added. The combina- 
tions of 0.2 I.U. or less of chorionic gonado- 
trophin and the ma.vimum amount of synergist 
used. 0.044 units, did not produce positive 
reactions. 

At 1J4 hours the percentage of positive 
reactions with the subminimal effective 
amount of chorionic gonadotrophin (0.65 
I.U.) was increased from 62 to 100 with the 
addition of 0.044 units of the simergist, while 
the percentage of positive reactions with 0.60 
I.U. was raised from 44 to 100. It is notable 
that though the minimal dosage of chorionic 
gonadotrophin at one hour was 3.0 I.U.. posi- 
tive reactions with 0.70 I.U. were increased 
from 15 to 100% with the addition of 0.014 
units of the pituitary synergist. 

The enhancement of the rat ovary hyper- 
emia effect by this pituitary extract has been 
used to advantage by us in testing urines for 
the presence of pregnancy. 

; Tlmt amonut wliich produced positive ov.ory 
hyjicremia reactions in appro.vimateiy T-ICt of 5 
or more rats. 
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The Activity of Streptomycin In the Presence of Serum and Whole Blood.'^ 

Emanuel B. Schoenbach and Caroline A. Chandler 
(Introduced by P. H. Long.) 

From the Vepartmenis of Preventive Medicine and Pediatrics, the Johns Sophins 
TJniversity School of Medicine, Baltimore, Md. 


Previous studies^ have shown that strep- 
tomycin resistant variants of Staphylococcus, 
Pneumococcus and Streptococcus grow as well 
in a bactericidal test as their parent suscept- 
ible strains. It was presumed that, in the 
presence of streptomycin, the additive effect 
of fresh whole blood could be demonstrated on 
both the susceptible and resistant strains. The 
effect on the latter, it was felt, would be min- 
imal, but such investigation was of importance 
because of the numerous examples of strep- 

* These inrestigations -were supported by grants 
from Abbott Laboratories, Eli Lilly and Company, 
Lcdetle Laboratories, Inc., Parke Davis and Com- 
pany, and the Xjpjohn Company. 

1 Cimndler, C. A., and Schoenbach, E. B., Peoc. 
Soc. Ext. Biol, and Med., 1917, 64, 20S. 


- tomycin resistance which had been observed 
to develop during the course of therapy. No 
studies have been reported in which the 
susceptibility of the resistant organism was 
tested by the bactericidal technique in the 
presence of added streptomycin — a condition 
which would naturally occur in a patient 
under therapy. 

The following studies were made to investi- 
gate the inter-relationships which may be 
present when bactericidal tests are performed 
with a strain of Staphylococcus aureus in the 
presence of streptomycin. In addition, the 
various important known components of the 
bactericidal test such as phagocytosis, hem- 
olysis of red blood cells, immune serum and 
labile constitutents were investigated. AH 
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these factors were controlled, wherever pos- stitution of serum as a substrate and by the 
sible, b\^ simultaneous duplicate observations addition of immune serum, streptomycin, etc, 
in which the sensitive parent strain of the Phagocytic activity was measured in the 
staphylococcus was used, ^ following manner: 0,25 cc of whole, defibrin- 

Matenals and Methods. The strain used ated blood was measured into sterile pyres 
throughout the tests was a Staphylococcus tubes. To the above tubes, 0,1 cc serum, 
aureus (Merck test strain SM) obtained from either normal or immune was added. Strep- 
Sy'denham Hospital. The strain of staphjdo- tomycin, in a final concentration of 500 fig 
coccus resistant to 1000 fig of streptonn'cin was then introduced into some of the tube. 
%\as derived from the parent strain as pre- Fluid volumes in all tubes were made equal 
viousl}' described.^ Follomng initial e.speri- by the addition of appropriate amounts of 
ments all cultures svere transferred at inter- broth. Finally' each tube was inoculated with 
vals of 3 to 4 weeks on suitable culture media 0.05 cc of a 3-hour culture of either the sus- 
not containing streptomycin. No attempt was ceptible or resistant strain. The tubes were 
made to maintain the original virulence of then sealed in an oxygen flame, slow'ly' rotated 
the strains during the e.\perimental period. for 30 minutes at 37°C, broken open, and one 

The susceptibility of the strains to strep- drop of the contents of each was smeared on 
tomycin was determined fay the use of a series a slide as a blood film. The slides were then 
of tubes of nutrient broth (PDW)t containing stained rvith Wright’s stain and e.xarained 
streptomycin in appropriate concentrations, with the oil immersion lense. A count was 
Each tube, within the range, contained 10% made of the number of intracellular staphy- 
less streptomycin as measured against the lococci contained in 25 polymorphonuclear 
initial tube containing the most streptomycin leukocytes and the percentage of cells faking 
in a regular progression, so that the differ- part in the phagocytosis was noted, 
ences from tube to tube were uniform. Each Growth curves were obtained by making 
tube was inoculated with 0.05 cc of an 18- bacterial counts at 2, 4, 6 and 24 hours. The 
hour broth culture in such dilution as to ydeld number of organisms was estimated by 
an inoculum of about 200,000 organisms per making count plates of suitable dilutions of 
one cc of medium. The tubes were incubated {{jg culture. Estimation of turbidity in a pho- 
at SZ'C and readings were made at the end toelectric colorimeter rvith readings at hourly 
of 24 hours. intervals w'as used in each instance to confirm 

The bactericidal power of freshly defibrin- (bese counts, 
ated human blood on the staphydococcus was immune rabbit serum was obtained in the 
determined in the following manner. Five ajbino rabbit was 

hundredths cc of each 10-fold sena di ution j^jggfgj intravenously rvith a washed, heat- 
(10-1 to lO-") of_an 18-hour broth culture suspension of organisms. The suspen- 

was added to 0.25 cc of freshly defibnnated prepared from an IS-hour broth 

human blood in each of 6 sterile pyrex tubes. gy]{ugg fj^e susceptible parent strain of the 
These tubes were sealed, placed in a rotating staphvlococcus. The rabbit received injections 
box and maintained at 37°C for 24 hours. ^ 3 jbe final 

After preliminary observation, incubation organisms were used. The final 

without rotation w’as continued for another aggiminative titre of the serum prepared as 
24 hours, after which the tubes were opened (jgseribed above was 1-20 against both the 
and the contents cultured on blood agar susceptible strain and the resistant strain, 
plates. In order to determine the number o Thread agglutination was obsers’ed when both 
organisms added to each tube of blood, count {j,ese strains were grown in media containing 
plates were made of the lO'*'^ and 10 dm- serum. 

tions. This technique was varied as describe 2^^ (Winthrop-Pfizer Lot No. P4713) 

tn each sroup of experiments by the sub- streptomv'cin was employed throughout 
__ -^- — rrr — — — - j2iis studv. It had a labeled potency of 1000 

f Pcptonc-De.xtrose-Water. 
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TABLE I. 

Bactericidal Studies. 


Minimum No. of organisms required to initiate 
growth per ce of blood or serum 

Strain Substrate .• 

Streptomycin, Streptomycin, Normal Immune 




Streptomycin, 

Oug 

X million 

10 

X million 

rabbit 

serum 

rabbit 

serum 

P.sreiit 

Whole blood 

420 

4.2 

42 

640 

640 

susceptible 

Serum 

520* 

52.0® 

52" 

— 

— 


* Human serum. 


TABLE 11. 

Proportion of Organisms in Eesistant Staphylococcus Culture Growing at Indicated Strepto- 
mycin Concentrations. 

Concentration of streptomycin in medium (^g per cc) 


0 500 750 1000 

colonies colonies colonies colonies 

No. % No. % No. % No. % 


700 100 700 100 600 S5.7 


600 S5.7 


units per milligram of pure base. 

Results. (1) The sensitivity to streptomy- 
cin of the susceptible strain was re-evaluated 
in the light of previous reports that serum or 
whole blood inhibited the action of strep- 
tomjTin.-’®''* In broth, the bacteriostatic range 
of streptomycin for the susceptible strain was 
S to 12 micrograms on repeated determin- 
ations. In the presence of 60% fresh human 
or rabbit serum (final concentration), this 
same strain was inhibited bj' 5 pg of the 
antibiotic when the inocula varied from 520 
organisms to 5.2 million per cc. Growth oc- 
curred in the presence of 5 and 10 ng of 
streptomycin when a large inoculum was used 
(52,000,000 organisms). 

In fresh whole human blood, inhibition oc- 
curred in a concentration of 5 ng with in- 
ocula ranging from 420 to 4.2 million. With 
10 ixg of streptomycin present, an inoculum 
of 42 million organisms was necessary to pro- 
duce growth. In both the serum and whole 
blood assays, these findings were confirmed 
by sub-culture after 48 hours. This was 
deemed necessary to rule out erroneous inter- 

2 May, J. E., Voureba, A. E., and Pleming, A., 
Brit. Ifcd. J., 1917, 1, 627. 

3 Henry, E. J., Bcrkman, S., and Honsewright, 
E. B., J. F.harm. and Exp. T/icrap., 1947, 89, 42. 

i Hobby, G. L., and Lenort, T. P., Pjioc. Soc. 
Exr. Bion. .\xd Med., 1947, 03, 242. 


pretations which may arise because of non- 
specific turbidity or hemolysis. 

In summary, as shown in Table I, the 
susceptibility of this strain of staphylococcus 
to streptomycin was not affected by the 
presence of serum or whole blood within the 
limits of measurement which were employed. 
In addition, there was no real indication that 
the bacteriostasis achieved with streptomycin 
was augmented by the bactericidal activity of 
whole blood. In the absence of streptomj'cin, 
there was no indication that this strain of 
staphj’lococcus was affected byr normal whole 
blood or when immune serum was added to 
the system. 

(2) The resistant strain of staphylococcus 
had been derived in this laboratory from the 
parent strain and had been found to grow 
readily in broth containing more than lOOO 
Pg of streptomycin. Colony counts performed 
by seeding agar plates containing either no 
streptomycin or up to 1000 pg of streptomy- 
cin revealed no essential difference in the 
number or type of colonies. This is shown in 
Table'll. In the bactericidal test, as shorni 
in Table III, the resistant strain was not in- 
hibited by normal human blood or when im- 
mune serum was added to the system. Thus 
in all respects, e.xcept for its resistance to 
streptomycin, it resembled the parent strain. 

When the resistant strain was grown in the 
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presence of 60% rabbit serum containing 
streptomycin, definite inhibition of growth 
was observed. With as little as 125 /^g of 
streptomycin per cc, this strain, resistant to 
1000 ftg per cc, showed retardation in growth 
after 24 hours when small inocula (200 to 
300,000 organisms per cc) were used. .4.1 the 
end of 48 hours,, hovrever, growth equal to 
that in the controls was observed. .4. similar 
pattern of growth inhibition with streptomy- 
cin was noted in the media containing whole 
blood with or without added immune serum. 
Inhibition w-as somewhat more apparent in 
these latter experiments because hemolysis 
was delayed. These results are summarized 
in Table IV. 

.4n investigation was then undertaken into 
the cause of this transient inhibition of 
growth. That streptomycin might be inacti- 
vated or bound by one of the serum con- 
stituents, was considered a distinct possibility. 
If so, this would account for the subsequent 
escape from the inhibitive effects of strep- 
tomycin. .4ccordingly, duplicate experiments 
were devised in which normal rabbit serum 
which had been inactivated by heat, with and 
without added immune rabbit serum, and to 
which streptomycin had been added in con- 
centrations of 12S and 500 fig per cc was in- 
oculated with organisms at 2 different times. 
One set was inoculated immediately and in- 
cubated for 24 hours while the duplicate set 
was incubated for 24 hours after which it w'as 
inoculated with organisms and again incubat- 
ed for 24 hours. As shown in Table V, no dif- 
ference was observed between the set inoculat- 
ed immediately and that inoculated after 24 
hours and, therefore, the escape from in- 
hibitive effects of streptomycin after 24 hours 
could not be attributed to inactivation of 
streptomycin. 

The lag observed when the resistant strain 
was grown in the presence of streptomycin 
cannot be attributed to the non-homogeneous 
distribution of streptomycin sensitive organ- 
isms as suggested by Berkman ct al? As 
shown in Table II, almost all organisms were 
able to grow at higher streptomycin levels 

SBerkman, S., Henry, B. J., ana Biter, D. H., 
J. Bact, 1947, 53, 5G7. 
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than were necessary to demonstrate tliis lag. 

These observations are not necessarily in 
conflict with Price et al° and Berkman and 
his co-workers''’ who found a marked dif- 
ference in sensitivity to streptomycin when 
assayed in a somewhat deficient as compared 
with a highly nutritive medium. It would ap- 
pear. however, from our observations that 
beyond a certain point progressive enrich- 
ment although promoting growth of organ- 
isms,' does not affect the final streptomycin 

litre. 


and Eecdy, R. 


Another possibility which was entertained 
was that streptomycin had stimulated phag- 
oci'tosis and that, w'ith the death of the leu- 
kocytes after 24 hours, growth had reap- 
peared. 

As shown in Table VI, it was found tliat 
in the presence of streptomycin, the phago- 
cytic activity of the white blood cells was de- 
pressed in every instance and, therefore, the 
initial bactcriostasis could not be explained 
on the basis of enhanced phagocytosis at these 
streptomycin levels. 

In the light of the above results, it seems 
probable that the only e.vplanation of the in- 
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hibition of growth in the first 24-hour period 
in the presence of streptomycin, was a retard- 
ation in the rate of growth. Despite the ob- 
servation that growth of the resistant strain 
in the absence of streptomycin did not differ 
materially from the susceptible strain in 
media containing broth or serum, this strain- 
of staphylococcus, resistant to more than 1000 
fig of streptomycin per cc, was markedly 
inhibited in its rate of growth by much 
lower concentrations of the antibiotic in the 
first 24-hour period. This inhibitory act- 
ivity could be demonstrated with as little as 
125 ;ig of streptomycin per cc. It was aug- 
mented when serum was present in the 
medium. Sample growth curves in streptomy- 
cin and non-streptomycin containing media 
are presented in Fjg. 1. This type of growth 
curve resembles that noted with the sulfonam- 
ides which is apparent in the early phase of 
growth when small inocula are used. 

Discttssion. With the susceptible parent 
strain of staphylococcus, the addition of fresh 
whole blood to streptomycin did not augment 
streptomycin activity. On the other hand, the 
efficiency of the streptomycin was apparently 
not affected by the presence of blood and its 
constituents. It was, therefore, difficult to 
believe that the streptomycin rvas bound to 
some protein constituent in the serum unless 
the resultant combination retained the anti- 
bacterial properties of the antibiotic. 

Inhibition of the rate of growth of a highly 
resistant strain in the presence of streptomycin 
was observed during the first 24 hours of in- 
cubation when the concentration of the latter 
was far below 1000 fig per cc. An explanation 
of this observation may be that the nutritional 
requirements of the organism had been modi- 
fied with the acquisition of streptomycin re- 
sistance, The resistant strain appeared to 
grow as readily as the parent susceptible 
strain in the usual nutrient media, in the 
presence of serum and even in fresh whole 
human blood. When streptomycin was pres- 
ent in these media, however, the delay in the 
rate of growth of the resistant strain seemed 
to indicate that some nutritional factor or 
necessary enzymatic process had been mater- 
ially affected. Eventually the resistant organ- 


ism escaped from this streptomycin inhi- 
bition. The nature of this reaction may be 
of prime importance for the elucidation of the 
mode of action of streptomycin on micro- 
organisms and possibly also the nature of the 
escape mechanism associated with resistance. 
These investigations are being continued at 
present. 

These data may indicate that under normal 
conditions 2 alternative growth mechanisms 
are available to the normal organism. A gen- 
eral discussion of such mechanisms has been 
reviewed by Dubos." In this study it wmuld 
appear that one metabolic or synthetic path- 
way is blocked by streptomycin and another 
is insufficiently developed to permit normal 
growth. With the development of resistance, 
the second mechanism is augmented but ap- 
parently is still insufficient for optimal 
growth when streptomycin is blocking the 
first mechanism. 

It is possible that the inhibitory activity 
of streptomycin is related to its combination 
with desoxyribonucleic acid in the bacterial 
cell.^ Nucleoprotein metabolism is important 
in the growth and reproduction of bacteria. 
The combination of nucleic acid with strep- 
tomycin may interfere with the synthesis or 
utilization of nucleoproteins. Studies on the 
mode of action of penicillin have demon- 
strated that with Staphylococcus aureus dis- 
similation of ribonucleic acid was inhibited 
without any effect upon glucose oxidation.^ 
The reaction inhibited by penicillin is prob- 
ably the dissimilation of a pentose.^® It has 
been claimed that streptomycin would also 
exhibit an inhibitory effect on the same re- 
action.^® 

When a strain resistant to streptomycin is 
isolated from a patient, it may be inferred that 
despite its ability to grow in high concen- 
trations of the antibiotic in vitro, its rate of 

~ Dubos, E. J., The Bacterial Cell, 1945, Harvara 
University Press, Chapter Till, Bacteriostatic and 
Bactericidal Agents, 275. 

S Cohen, S. S., J. Biol. Chem., 1947, 108, 511, 

OKrampifz, L. O., and 'Werkman, C. H., Arch. 
Biochem., 1947, 12, 57. 

WKrampitz, L. O., Green, M. K., and Werkman, 
C. H., J. Bact., 1947, o3, 378. 
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growth in the body may be retarded by even 
small concentrations of the antibiotic. One 
should expect, therefore, that such resistant 
strains would have difficulty in maintaining 
themselves due to phagocytic mechanisms 
available in vivo. The impairment of phagocj'- 
tosis by streptomycin should be studied in 
greater detail so that this important cellular 
factor in immunity may be more clearly de- 
fined. 

Summary 1. The activity of streptomycin 
on a susceptible strain of Staphylococcus 
aureus was not changed in the presence of 
serum or whole blood. 2. The addition of 
fresh whole blood with or without immune 
serum did not augment streptomycin activity. 
3. A resistant strain of Staphylococcus aureus 


was inhibited during the first 24 hours by 
streptomycin in low concentrations. This ef- 
fect Avas augmented when serum was added 
to the medium. 4. Direct growth cur\’e in- 
dicate that this inhibition by streptomycin of 
a resistant strain was attributable to interfer- 
ence with groAvth of the organism rather than 
inactivation of labile constituents. 5. Phagocy- 
tosis in the presence of high concentrations 
of streptomycin appears to be impaired. 6. The 
bacteriostatic activity of streptoraj-cin was 
manifest on both susceptible and resistant 
strains. With the latter, this inhibition was 
transitory. The bacteriostatic mechanism and 
bactericidal mechanism are dissociated phe- 
nomena. 
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Culture Procedures in Microbiologic Assays with L. arabinostts and 

L, casei. 


Esther P. Daniel’*= and 0. L, Kline 

From the Food and Frag Administration, Federal Securifij Agency, Washington, D. C. 


In the application of microbiological assay 
procedures, there have arisen questions rel- 
ative to possible differences in the response 
of the test organisms as a result of variations 
in handling the stock cultures. Several in- 
vestigators have mentioned the possible in- 
fluence of stock culture media and conditions 
to Avhich it is subjected on the subsequent 
response of an organism under assay en\'iron- 
ment, but few have made studies to determine 
the nature and extent of these influences. 
The most detailed work which has come to 
our attention has been the culture studies on 
L. arabinosus and L. casci by Nymon and 
Gortner.’^ 

The present report is concerned Awth some 
notes made on frequency of transfer of stock 
cultures, preparation and dilution of inoculum 


* Present 
TT. S. Public 
1 Nymc®, 


naarcss: National Cancer Institute, 
Health Service, Botbesaa 14, Jia. 

H. 0., and Gortner, W, A., B. C., 


1940, 163, 277. 


and temperature and time of incubation of 
the assay tubes as these factors affect the 
assay. 

Observations were made for a period of 6 
months on the effect of frequency of transfer- 
ring stock cultures of L. arabinosus on the 
subsequent growth response of this organism 
to graded amounts of nicotinic acid in the 
U.S.P.- assay medium. From a stab culture 
of Z. arabinosus carried in agar medium 
(agar 1.5%, dextrose 1% and yeast 1%) 3 
transfers were initially made into fresh agar 
medium of the same composition. After in- 
cubation at 30°C for 24 hours these cultures 
were stored in a refrigerator. One, designated 
“original”, w’as maintained in the original 
stab w'ithout further transfer. The others ivere 
transferred at intervals of one, 2, 3, and 4 
weeks respectively throughout the e.xperi- 
ment. After incubation of the transplant for 
24 hours it was returned to the refrigerator 

S First U.S.P., XH Bound Supplement, 1943, 70. 
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TABM I. 

Effect of Frequency of Transfer of L. arabinosus on Titration Values in Kicotinic Acid Deter- 
minations After 24 Weeks. 


Titration values in cc O.IN NaOH 


Micrograms standard nicotinic acid 

Original culture 
Culture transferred weekly 

> ’ ” 2--week intervals 

ft ft 3 - 

}} 3 > 4’- ’ ’ ” 


0.1 

0.2 

0.3 

0.4 

0.5 

3.3 

4.8 

6.4 

7.4 

8.3 

3.3 

6.1 

6.9 

8.4 

9.0 

3.3 

5.1 

7.1 

8.2 

8.7 

3.4 

5.2 

7.2 

8.3 

8.6 

3,4 

5.1 

7.1 

7.9 

8.6 


until the next transfer period. Periodic com- 
parisons of microbiological standard response 
curves obtained with each of these cultures 
showed that there was no difference after 20 
weeks. Only at the end of 24 weeks was there 
evidence that the “original” culture gave 
titration values differing from those obtained 
with the other 4 cultures. Results are given 
in Table I. Infrequent transfer over a longer 
period might eventually produce adverse ef- 
fects, but these experiments indicate a re- 
markable stability of the L. arabinosus cul- 
ture used. 

The results of experiments to determine 
whether differences in incubation tempera- 
tures of the assay tubes caused any change in 

TABLE II. 

Effect of Temperature and Time of Incubation of 
L. arabinosus on the Titration Values in Nicotinic 
Acid Determinations. 


Exp. 

No. 

Temp, of 
incubation, 
°C 

Time of 
incubation, 
days 

Titration 

Blank Maximum 
ce O.IN NaOH 

1. 

34 

3 

1.4 

9.6 


35 

3 

1.4 

9.7 

o 

34 

1 

0.6 

5.7 


37 

1 

0.6 

5.7 


34 

2 

0.7 

8.3 


37 

o 

0.7 

8.3 


34 

3 

0.8 

9.1 


37 

3 

0.8 

8.4 

3. 

30 

1 

1.0 

6.1 


33 

1 

1.1 

6.1 


30 

O 

1.2 

8.3 


33 

O 

1.2 

8.2 


30 

3 

1.3 

9.3 


33 

3 

1.2 

9.3 


30 

4 

1.2 

10.4 


33 

4 

1.3 

10.2 


30 

5 

1.2 

11.2 


33 

5 

1.3 

11.4 


30 

6 

1.3 

11.1 



33 

6 

1.4 

11.1 


the behavior of L. arabinosus are presented 
in Table II. Two series of tubes incubated at 
34°C and 35°C respectively showed identical 
titration values after 3 days. Two series of 
assay tubes incubated for periods of one, 2, 
and 3 days at 34°C and 37°C respectivety, 
gave practically the same titration values 
after the first and after the second day but 
gave slightly higher values in the 34°C series 
after 3 days. In a third experiment incubation 
temperatures were held at 30°C and 33 °C 
for periods of one to 6 days inclusively with 
no significant differences observed between 
any of the paired members. Titration values 
increased with increased period of incubation 
reaching a peak on the fifth day and remain- 
ing the same through the sixth. Duplicate 
titrations, the averages of which are given in 
the table, were more uniform after 3 days 
incubation than at the end of a shorter period. 

Inoculum is usually prepared from a broth 
culture after incubation for 20-24 hours in 
the basal medium used in the assay. It has 
been found, in the case of L. arabinosus, that 
subsequent storage of the incubated culture 
in a refrigerator for an additional 24 hours 
before preparation of the inoculum has no 
effect upon the assay results. 

L. casei is known to be more susceptible to 
environmental influences than L. arabinosus. 
In Table III are data showing the effects 
of age and concentration of inocula of L. casei 
on the response of this organism to graded 
amounts of folic acid. A modification of the 
U.S.P. niacin medium- was used for these 
comparisons. Inocula were prepared from 
broth cultures incubated at 30°C for 16, 24, 
40, and 48 hours. In addition there were in- 
cluded 16 hour broth cultures to which had 
been added a preparation containing strep- 
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TABLE in. 

Effect of Age of Culture and. Concentration of Lioculum on Titration values in Folic Acid 
Determination Using L. casci. 


Micrograms standard folic acid 

0 

.0002 

.0004 

.0006 

.0008 

, .001 





cc O.IN NaOH 



16 lir culture — nndil. 

r 

3.4 

5.5 

6.9 

8.3 

9.3 

10.5 

16 ” 

if 

(containing strepogenin) — nndil. 

3.1 

5.0 

6.5 

7.9 

9.1 

10.4 

16 ” 

) i 

33 33 33 

3.1 

5.1 

6.5 

7.8 

9.1 

10.2 

24 ” 


untlil. 

3.3 

5.2 

6.7 

8.1 

9.4 

10.5 

24 ” 

3 i 

dil. 

3.1 

5.1 

6.5 

7.8 

S.S 

10.1 

40 ” 

11 

nndil. 

1.2 

1.3 

1.4 

1.6 

1.S 

1.S5 

40 ” 

n 

dil. 

2.8 

4.5 

0.9 

6.9 

7.S 

S.7 

48 " 

3 3 

nndil. 

1.4 

1.9 

2.4 

2.9 

3.2 

S.5 

48 ” 

33 

dil. 

2.4 

4.2 

5.2 

6.2 

7.0 

7.S 


ogenin that was found to be active in ac- 
celerating the initial growth of L. casei, on 
purified media as originally reported by 
Sprince and Woolley.® An undiluted portion 
of each inoculum was tested as well as a 
portion diluted to the same turbidity as the 
16 hour preparation without the strepogenin. 
There was little difference in the response to 
graded amounts of folic acid shown by inocula 
prepared from the 16 hour culture, with or 
without strepogenin, and the 24 hour culture. 
Dilution of the inoculum from either the 16 
hour culture with strepogenin or the 24 hour 
culture did not alter the degree of this re- 
sponse. The concentrated inocula from the 
40 and 4S hour cultures gave growth in all 
of the tubes insignificantly above that in the 
blanks. The diluted inocula for these 40 and 
48 hour cultures gave a usable growth range 
but one that was considerably less than that 
produced by inocula from the younger cul- 
tures. It appears that the best results with L. 
casci can be obtained by preparing inocula 
from cultures not more than 24 hours old. 

Disaissioii. Failure of the frequency of 
transfer of our stock culture of L. arabhwsus 
to affect the nicotinic acid assay results does 
not agree with the findings of Nymon and 
Gortner. These investigators reported a grad- 
ually decreased linearity of response in their, 
culture of L. arabhwsus transferred every 3 
nr 4 weeks in yeast estract-glucose-agar med- 
L with incubation at 37X. This response 
Z improved by culturing m enriched media, 
reducing the incubation^^ 

igii, SO, 213. 


the optimum reported by Bergey ct al* for 
L. arabhiosus, and increasing the frequency 
of transfer. They did not include a considera- 
tion of incubation temperatures of the assay 
tubes in their report. 

Price and Graves® found, in the determin- 
ation of riboflavin by L. casei, that incubation 
temperature variations of 4-5‘’C from the op- 
timum of 40-42° for this organism resulted 
in a decrease of 25% in the titration values. 
In the present study, no such striking differ- 
ences in the behavior of L. arabhwsus were 
observed with temperature variations in the 
incubation of assay tubes in the nicotinic acid 
determination. However, it is well recognized 
that L. casei is more readily affected by en- 
vironmental conditions than L. arabhiosus. 
Following earlier recommendations of Snell 
and Strong® for the preparation of inocula, 
Bird ct al7' obtained more satisfactory results 
when they used diluted inocula. This agrees 
with our findings for inocula made from older 
cultures of L. casei. On the other hand no 
difference could be seen in undiluted and 
diluted inocula from cultures not more than 
24 hours old. Inocula from young cultures 
were superior to inocula from old cultures 
even though the latter had been diluted. 

* Bergey, D. H., Breed, 1?. S., Murray, E. G. D., 
and Hitchens, A. P., Bergey’s Manual of Deter- 
minative Bacteriology, 1939, Baltimore, 5th edition. 

0 Price, S. A., and Graves, H. C. H., Mature, 
1944, 163, 401. 

0 Snell, E. E., and Strong, F. M., imi. ajt<l Eng. 
Chem., Anal. Ed., 1939, 11, 34G. 

" Bird, 0. D., Bresslcr, B., Eronn, I!. A., C.amp- 
bcll, C. J., -and Emmett, A. D., J. B. C.. 1945, 
159, C31. 
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Summary. The results indicate that the 
culture of L. arabiuosus used in these studies 
for microbiological assay was not easily af- 
fected by frequency of transfer of stock cul- 
tures or by incubation of assa}^ tubes at fixed 


temperatures between 30°C and 37°C. In the 
case of the culture of L. casei, both the dilu- 
tion of the inoculum and the age of the cul- 
ture from which it was prepared afiected assay 
titration values. 
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Recovery of Virus from Throats of Poliomyelitis Patients.* 

Harold E. Pearson and Gordon C. Brown. (Introduced by Thomas Francis, Jr.). 
From the Department of Epidemiology and Virus Lahoratory, School of Fuhlic Sealth, 
University of Michigan, Ann Arhor, Mich. 


In discussions of the epidemiology of polio- 
myelitis much importance has been placed 
on the presence or absence of virus in the nose 
and throat of patients and of associates in so 
far as such findings might support theories of 
transmission of the disease by means of drop- 
lets. A review of literature on the subject in 
1938^ indicated that virus was reported in 
the nasopharynx, tonsils or trachea of patients 
in 15% of 105 e.xaminations made during the 
first 5 days of illness and in 7% of 182 made 
later. Conflicting evidence has been presented 
during the last decade. Sabin and Ward 
found virus in the phar 3 mgeal wall of 4 of 
7 patients dead within 6 da}'s of onset," and 
Kessel et al. reported positive results with 
tonsil-adenoid tissue in 3 of 6 autopsy speci- 
mens.® Howe and Bodian detected virus in 
pooled throat swabs from at least 2 of 28 
healthy children and from 1 of 6 juvenile, 
familial associates of cases; the positive as- 
sociate may have been a nonparalytic case 
since the child had fever and diarrhea at the 
time of collection of the specimen.^ Oropharyn- 
geal swabs obtained by the same authors, 
within 3 days after onset of illness from 10 
of 23 patients yielded virus, but none of 13 
swabs taken between the 4th and 9th daj’s 
was positive.® In a similar study b\'' Horst- 
mann, Melnick and Wenner, only one of 19 

* Aiclcd by a grant from The National Foanda- 
tion-for Infantile Paralysis, Inc. 

1 Vjgnec, A. J., Paul, J. B., and Trasb, J. D., 
Yale J. Biol, and Med., 1938, 11, 15. 


swabs and one of 1 5 washings obtained during 
the first week of illness contained virus;® the 
specimens from 10 of the 19 patients in the 
study were obtained within 3 days after onset 
of sj'mptoms. Kramer, Hoskwith and Gross- 
man^ tested 18 washings of the nasopharjmx 
and recovered virus from 2 which had been 
collected 5 and 9 dai's after onset, respective- 
ly. Ward and Walters tested material from 
the nose and throat of 19 patients between the 
second and fourth days of illness. Virus was 
isolated from cloth masks over the nose and 
mouth of two patients, from a nasal swab of 
one of these, from pharyngeal swabs of the 
second and from 5 others.® 

This report describes attempts to recover 
virus from pharyngeal washings of a group 
of poliomj'elitis patients during the outbreak 

- Sabin, A. B., and Ward, E., J. Exp. Med., 1941, 
T3, 771. 

3 Kessel, J. F., Moore, F. J., Stimpert, F. D., and 
Fisk, E. T., J. Exp. Med., 1941, 74, GOl. 

4 Howe, H. A., and Bodian, D., Am. J. Kyg., 
1947, 43, 219. 

5 (a) Howe, H. A., Wenner, H. A., Bodian, D., 
and Mascy, K. F., Peoo. Soc. Exp. Biol, and Med., 
1944, 50, 171; (b) Howe, H. A., Bodian, B., and 
Wenner, H. A., Bull. Johns Hophins Mosp., 1945, 
70, 19. 

c Horstmann, D. M., Melnick, J. L., and Wenner, 
H. A., J. Clin. Invest., 194G, 25, 270. 

" Kramer, S. D., Hoskwith, B., and Grossman, 
L. H., J. Exp. Med., 1939, 69, 49. 

s Ward, E., and Walters, B., Bull. Johns Hophins 
Hasp., 1947, 80, 98. 
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TABLE I. 


Day after onset of symptoms 
specimen was collected 
Age of patient 
Virus present 

Day after onset 
Age 

Virus present 


Dallas Throat Vlasliings. 

3 4 G 7 7 7 8 9 9 11 11 11 11 13 13 13 
6 4 11 3 11 14 4 3 13 3 4 11 15 S 13 14 

Detroit Throat Washings. 

All 1 to 3 

7 7* 12 13 13 15 15 IG 18 3 4 5 C 7* 7 10 

(+ + + — ) (+ + + +) 

v_ / V_ ^ 

Washing Swah 


* Wa.shing and Swab combined. 


in: Dallas, Texas, 1943 and from swabs and 
washings from patients in Detroit, Michigan 
during 1944. 

Materials and Methods. The washings from 
patients in Dallas were obtained by expressing 
3 to 5 ml of saline into each nostril with a 
needleless syringe and collecting the fluid in 
a paper cup after it ran into the throat. The 
patient then gargled 20 to 30 ml of saline 
which also were collected in the cup. Wash- 
ings in Detroit consisted of 20 ml of gargled, 
distilled water. Swabs were obtained by use of 
cotton on applicator sticks. These were rolled 
over the tonsillar areas and the posterior 
oropharynx then twirled in 1 to 2 ml of saline 
contained in a lusteroid vial and finally press- 
ed against the side of the tube to express the 
saline. All specimens were stored under dry 
ice refrigeration until prepared for inoculation 


into rhesus monkeys. 

Throat washings from Dallas were concen- 
trated by centrifugation of one or two 7 ml 
samples per specimen in an air-driven centri- 
fuge at 30,000 r.p.m. for one hour.* Supernat- 
ant fluid was removed, leaving 0.S-0.7S ml in 
the tube, and saved for intraperitoneal injec- 
tion in a monkey that also received the sterile 
sediment intracerebrally. The sediment was 
resuspended in the fluid remaining by use of 
a glass rod; sediments from the companion 
tubes were combined when there were 2 sam- 
ples, Bacteria were inactivated by addition of 
ether which was evaporated in vacuo after 1 
tn 7 days of contact in the refrigerator. In 

Le spec»«»> 

Slion «f «' 

R. W. G. WvA-oft of tilts laboratory. 


0.5%. One to l.S ml of each specimen, was 
injected intracerebrally into a rhesus monkey. 

The throat swab fluids from Dallas and 
the throat washings from Detroit were treated 
w'ith ether or ether and phenol and inoculated 
intracerebrally. The latter, however, were 
first concentrated to a volume of 1 to 2 ml by 
evaporation from a cellophane “Visking” 
casing placed before an electric fan. 

Results. All monkeys w'ere observed for a 
period of one month after injection. Animals 
that developed paralysis w'ere considered posi- 
tive for poliomyelitis if histological examin- 
ation of the nervous system revealed char- 
acteristic pathology of the disease. The re- 
sults of the tests are shown in Table 1. 

Virus was detected in 2 of 16 Dallas pa- 
tients, one of the spinal and one of the bulbar 
type. Both specimens were collected on the 
eleventh day after onset of symptoms. Eleven 
other specimens obtained between the 3rd and 
11th da3^ were negative. Of tlie specimens 
collected in Detroit all within 3 days after 
onset, 3 of 9 throat washings contained virus 
as did 4 of 7 throat swabs. One of the 4 posi- 
tive swabs rvas from a bulbar paralytic and 
one from a nonparalytic patient. 

Discussion. The results obtained tend to 
support the impression that swabs are as 
good, if not a better metliod of recovering 
virus from the throat than throat washings 
even though, as in this study, the latter are 
concentrated before testing. 

The evidence to date shows that poliomy- 
elitis xdrus is present in the throats of patients 
and may be readily detected early in the ill- 
ness. The present study duplicates the report 
of Howe. Bodian and Wenner'"’’ in demon- 
strating viru.s in 43% (7 of 16) of those 
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Fig. 1 


patients tested within 3 days of onset. How- 
ever, the fact that virus was detected in two 
throat washings 11 days after onset suggests 
that its persistence may be quite variable. 

The presence of an agent in the throat does 
not necessarily mean that the nose and mouth 
are the chief portals of exit for the germ. For 
e.\-ample bacilli are reported present in the 
mouths of approximately 50% of typhoid 
patients® yet the stools and urine are regard- 

9 (a) Purjesz, B., and Perl, 0., Wien. Klin. 
Wchnschr., 1912, 25, 1494; (b) Gould, C. "W., and 
Qualls, G. li., J. 4l. it. A., 1912, 58, 542. 


ed as the chief routes of contamination from 
the patient. Likewise the more frequent re- 
covery of poliomyelitis virus from the bowel 
than from the throat has in recent years tend- 
ed to emphasize the former as the more im- 
portant portal of exit. 

Another argument favoring enteric owr 
respiratory spread is the seasonal prevalence 
of the disease. As shown in the figure, poli- 
omyelitis has a seasonal occurrence similar 
to typhoid, dysentery, typhus and malaria 
and unlike the disease spread by the respira- 
tory route; diphtheria has a unique cun'e that 
perhaps may be explained as resulting in part 
from increased incidence associated with 
reopening of schools. The temptation exists 
to reason from analogy and to suggest that out- 
breaks of poliomyelitis like those of typhoid- 
dysentery are started by enteric carriers; the 
subsequent spread of infection may depend 
on either or both respiratory or enteric con- 
tamination of the environment, hlore data 
are needed particularly in regard to the rel- 
ative importance of the case and of the 
asymptomatic carrier in spreading the illness 
and in regard to physiologic effects of nutri- 
tion and of environmental temperature on 
susceptibility to the disease. Meanwhile, until 
evidence to the contrary is obtained it would 
seem necessary to consider the throats of 
poliomyelitis patients as important potential 
sources of infection. 

Summary. Virus was recovered from 4 of 7 
throat swabs and from 3 of 9 throat washings 
of poliomyelitis patients collected during the 
first 3 days after onset of symptoms. In an- 
other series of 16 throat washings collected 
from 3 to 13 days after onset, virus was iso- 
lated from 2 patients 11 days after onset of 
disease. 
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Effects of Gonadotrophic Hormones on Lactation,*! 
Georges M. C. Masson. (Introduced by H. F. Jensen.) . 

From the Department of Physiology, Dniversiti dc Montreal, Montreal, Canada 


The inhibiting effect of steroids on lactation 
is mediated through the ovaries^'--® and is 
probably due to the hormonal secretions of 
the large corpora lutea formed under the influ- 
ence of the steroids.* Since the ovaries are 
normally stimulated by gonadotrophins of 
pituitary or chorionic origin, ive decided to 
investigate the effect of these hormones in 
lactating rats. 

It has been reported that gonadotrophins 
from pregnancy urine inhibit lactation in the 
mouse and rat; the effective daily dose varies 
from 10 R.U. to 125 Later studies 

showed, however, that more purified chorion- 
ic hormone possesses only a slight inhibitory 
effect, even when injected at the dose level of 
100-500 R.U.;®’® its effectiveness can be in- 
creased by estrogens.*® The report that preg- 
nancy urine e.vtracts were active in castrate 
animals® could not be confirmed.®'** 

Pregnant mare serum has a marked in- 
hibitory influence on lactation and results in 
the death of the young.® 

Anterior pituitary extract, although active 
in adrenalectomized rats treated with cortin*® 

* Supported by a gr.ant from tlie Nation.'il Ec- 
seareh Council of Canada, Our thanks are due to 
Jtr. K. Nielsen and Miss E. Berube for tlicir tccli- 
nioal assistance. 

t Part of this work was done at tlie Institute of 
E.vperinicntal Medicine and Surgery. 

1 Anselmino, K. J., and Hofifinan, F., Zentralbl. 


has no effect in normal rats.® Inhibition of 
lactation has been obtained in combining such 
extracts with chorionic gonadotrophins.*® 
The present work was undertaken in' order 
to study the effects of these hormones under 
the same conditions used previously for the 
steroids and to see •whether some correlations 
could be established between the ovarian 
changes elicited by gonadotrophins and the 
degree of inhibition of lactation. | 
Forty-one albino rats weighing 250-300 g 
originating from the same colony and fed 
exclusively on purina fox chow ivere.used. 
The number of young in the litters was re- 
duced or brought up to 6 within 24-36 hours 
of parturition, time at which the treatment 
was initiated. The mothers were divided into 
6 groups treated as follows: Group I, no 
treatment; Group 11, lyophilized beef anter- 
ior pituitary preparation (L.A.P.) at the 
daily dose of 40 mg; Group III, chorionic 
gonadotrophin (.A.P.L.) at the daily dose of 
150 I.U.; Group IV, A.P.L. at the daily dose 
of 150 I.U. during the first 6 days, 300 I.U. 
from the 6th to the I3th day, and 450 
I.U. from the 13th to the 16th day: 
Group V, pregnant mare serum (P.M.S.) at 
the dose of 300 I.U,; Group IT, P.M.S, at 
the dose of 600 I.U. .A.11 these preparations in 
a dry form were suspended or dissolved in a 

s lE-itwi^^ay, I. L., D.-ivis, B. P., Ecocc, R. 


f. Gynal:., 193G, <59, 501. and B.artlctt, J. W., Proc. Soc. E.xr. Biot. .\kd 

2 Folley, S. X, anti KoUj S- 40, 214. 

London, B, 193S, 1514, Fid. » Edclm.um, A., and G.iunt, E., Physiol. Zool, 

SBarsantini, J. C., Masson, G., and Solve, II.. 1941, 14, 313. 

Lev. hanadienne Biol., 194C, 3, 407. w Eecco, R. P., Bartlett, J. W., Hatliaw.ay, I. B., 

' 1 Barsaiitini J. C., and Masson, G., Endocrin- and Davis, II. P., Pfioc. Soc. Exp. Btot. a.vd Mro., 

ology, 1947, 41, 299. 43, IS3. 

- p ■ E V. and Piuciis, G., Am. J. it .Tongli, S. E. de, and van dcr Woerd, L. A., 
nzra.i , Mcerland, 1039, 0, 20. 

Physiol., l.ii, , ■ xecrland, 1033, R., .and Tohin, C. E., Am. J. Physiol, 

Cjongli, S. E. dc, 1030, 113, 588. 

s, SS. Meb., issclye, II., CoIHp, X B., and Thomson, D. L,, 

7 Connon, P. E., i no • Endocrinol, 1034, 18, 237, 

1937, 37, 52. 
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TABLE I. 

Average Figures on tlie Growth Kate of Litters and Percentage of Survivals Following Treatment of 

Mothers. 


Groups 

Treatiucnt 

No. of 
Utters 

Initial 
body wt 

Avg body wt 
on day 

9o of litters 
surviving on day 

5th 

lOtli 

IGtU 

5th 

10th 

16th 

1 

0 

12 

G.8 

10.6 

17.3 

26.2 

96 

96 

92 

2 

L.A.P. 40 mg/dav 

7 

7 

12.5 

17.5 

24.3 

97 

97 

97 

3 

A.P.L. 150 I.U./aav 

G 

7 

10.9 

15.8 

19.7 

100 

100 

100 

4 

A.P.L. Io0-4o0 I.U./dav 

G 

7.7 

11.7 

18.4 

21.8 

100 

100 

100 

5 

P.M.S. 300 I.E./dav 

5 

6.3 

11.2 

14.8 

15. 

92 

92 

18 

G 

P.M.S. GOO I.E./daj- 

5 

6.2 

9.6 

14.5 

13.2 

100 

71 

37 


physiologic saline solution; the daily dose 
was administered in 2 subcutaneous injec- 
tions. The criteria of efficiency of lactation 
were provided by the growth cur\'e of suck- 
lings and also by the number of deaths among 
the young. The mothers were sacrificed on the 
17th day, or before, whenever all the young 
from the same litter died. At autopsy, organs 
tvere removed, placed in fixative fluid, then 
veighed and examined histologically. 

L.A.P. had no influence on the growth or 
the mortality of the young, in spite of a 
certain degree of toxicity as evidenced b}'’ the 
local reactions near the points of injection. 
A.P.L. exhibited some inhibitory effect; al- 
though the mortality was nil in Groups III 
and IV, the growth was somewhat retarded, 
as can be seen from Table I. This effect on 
growth was more evident from the daily 
average weight of litters; it reached a maxi- 
mum around the 14th day, then plateaued 
or even decreased. P.M.S., the most active 
preparation, influenced the growth and the 
mortalitj^ of young; the degree of inhibition, 
however, did not differ significantly whether 
a dose of 300 or 600 I.U. was administered. 

On microscopic examination, only the mam- 
mary glands of Group II did not differ from 
those of Group I (controls). The lumina of 
ducts and acini were dilated and filled with 
homogeneous secretion; there was an almost 
complete disappearance of inter- and intra- 
lobular connective tissue. 

Mammary glands of Groups V and VI pre- 
sented a marked variation from the normal 
controls. There was a marked regression of the 
glandular tissue. The acini were fairly in- 
distinct and their lumina were filled with a 
vacuolar material. The acinar cells, which 


were cuboidal in type with large nuclei, 
showed no activity. The lobular masses w’ere 
separated from each other by connective tis- 
sue. These glands were not secreting and pre- 
sented signs of involution. 

The picture of mammary glands of Groups 
III and IV was intermediary between that of 
controls and that of P.iM.S.-treated rats. The 
acini were not distended by milk and the cells 
were low cuboidal in tj^pe but still secreting. 
The lobular masses were more distinct due 
to a decreased activity of the glandular tissue. 

As e.xpected, ovaries of all experimental 
groups were markedly stimulated. The ovar- 
ian w'eights for Groups II to VI were 138, 
207, 257, 439 and 263 mg respectively to 
compare with 56 mg for the controls. On 
histologic e.\amination the ovaries of Group 
II ivere found to contain numerous but small 
corpora lutea which gave to the organ a 
mulberry appearance. Those of Groups III 
to VI were more intensely luteinized; with 
P.IM.S. the corpora lutea were larger than 
with .“^.P.L. and in many instances large 
vesicular or hemorrhagic follicles were ob- 
served. Since corpora lutea of the pregnancy 
type which are associated with inhibition of 
lactation can be identified by the size of the 
individual cells, we decided to draw a repre- 
sentative cell of the corpora lutea from each 
group. From Fig. 1 it can be seen that only 
the luteal cells of rats treated with P.iSI.S. 
presented an hi-pertrophy similar to that of 
normal pregnancy. 

-Although the e.xperimental conditions of 
our studies and the criteria of activitv ivere 
somewhat different from those used by others 
the results are identical: P.M.S is the most 
active inhibitor of lactation, then comes 
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^ ^ ^ CS^ ^ ^ 

a b c d e f 

Fig. 1. 

Camera lucida draiviiigs of corpora lutea cells, (a) During lactation; (b) during 
pregnancy; (c) during lactation and A.P.L.; (d) during lactation and L.A.P.; 
(c) during lactation and Prolactin; (f) during lactation and P.M.S. 


A.P.L,, while the gonadotrophins of pituitary 
origin are without effect. It is interesting to 
note that all the hormonal preparations, es- 
pecially P.M.S. and A.P.L., produced an 
intense luteinization of the ovaries; however, 
only P.M.S. was able to cause the formation 
of pregnancy corpora lutea. It can therefore 
be assumed that these large corpora lutea 
release hormonal substances either different 
from those secreted by the corpora lutea of 
lactation or in a different ratio. We tried to 
see whether the luteotrophic hormone, pro- 
lactin, would e.\-aggerate the stimulation of 
the normally existing corpora lutea. We in- 
jected on the day following parturition for a 
period of 10 days a daily dose of 100 I.U. 
of prolactin. The growth of the young was 
normal if not better; the ovaries were slightly 
heavier (67 mg) than normal and the corpora 
lutea were well developed but not hyper- 
trophied, as can be seen from Fig. 1. This is 
in accordance with another observation.^* 


If the small morphologic differences between 
the A.P.L.- and P.M.S.-treated rats are really 
associated with different hormonal secretions, 
the e.xamination of the receptor organs should 
provide more information regarding the na- 
ture and even the level of the hormones in 
circulation. The vaginae in the 4 groups were 
mucified, indicating the presence of progester- 
one. The uteri presented, however, some 
interesting differences. In the case of the 
A.P.L.-treated rats the epithelium of the 
cuboidal type had an hillocky appearance. 
The stroma was dense, poorly developed and 
slightly edematous; the cells were darkly 
stained and fusiform. Glands were pr^ent. 
The general aspect was not much different 


HFlubmann, 0. F 
Soc. Exp. Bion. and 


., .'md Lnqucm-, G. E., Pkoc. 
Aftm ., IGdS, *54, 223. 


from that seen in untreated controls although 
in the latter case this organ was not enlarged. 
In the P.M.S.-treated rats, the uterine epi- 
thelium was tall, not degenerating and pre- 
sented also many folds. The stroma was well 
developed and edematous with glands; the 
cells were large and vesicular wdth a tendency 
to being transformed into fusiform cells. 

When these observations are compared with 
those of Atkinson and Hooker,^*^ who used the 
modifications of the endometrium to estimate 
the level of estrogens and progesterone, it is 
suggested that in the A.P.L.-treated rats there 
is a low level of estrogens and progesterone, 
w'hile on the other hand in the P.M.S.-treated 
rats there is a high level of estrogens and 
progesterone. If that be the case, it should 
be possible to inhibit lactation in ovarieclo- 
mized lactating rats by giving estrogens and 
progesterone in a certain ratio; e.vperimeiits 
are already in progress to prove that point. 

Summary. The influence on lactation of 
various gonadotrophins of pituitary' and chor- 
ionic origin has been studied in lactating rats. 
P.M.S. had a strong inhibitory effect result- 
ing in the death of most of the young; A.P.L- 
had a slight effect on the growth curve of the 
3'oung, while an anterior pituitary prepara- 
tion was inactive. From histologic studies of 
ovary, vagina and uterus it is suggested that 
the activity of P.hl.S. is due to a high level 
of estrogens and progesterone. 

Our ttmnks arc duo to Dr. S. CJook of Ayerst, 
ATcKcnna and Ilarrison, Ltd. (ITontroal) for 
A.P,L. and P.M.S., to Dr. EC. Jensen of Hormones 
Corporation (Montreal) for L.A.P., and to Dr. II. 
McCuJJagJi of the Sebering’ Corporation (Bloom- 
field, N.J.) for lactogenic lionnone. 

IB Atkinson, W. B., and Hooker, CIi. W'., Jnat. 
Jtec., 1945, 03, 75. 
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Antagonism of Sulfonamide Inhibition by Para-aminobenzoic Acid and 
Folic Acid in T oxoplasina Infected Mice. 

William A. Summers. (Introduced by R. L. Thompson.) 

Front the Department of Bacteriotogy and Parasitology* 2Iedical College of Virginia, 

Bichmond, Va. 


In feeding experiments^ it has been demon- 
strated that sodium sulfathiazole and sodium 
sulfapyridine markedly reduce the fatality 
rate of mice infected with the protozoan 
parasite, Toxoplasma. Similar inhibitory ac- 
tion has been demonstrated for certain sulf- 
onamide compounds in experimental monkey 
and avian malaria--® and in experimental avian 
coccidiosis.'*-®'® 

The mode of action of sulfonamide com- 
pounds in the inhibition of multiplication of 
cells has been studied extensively. According 
to the Woods-Fildes theory sulfonamide com- 
pounds compete with the metabolite para- 
aminobenzoic acid and thereby interfere with 
cellular metabolism leading to the inhibition 
of multiplication of cells. Thus a high con- 
centration of sulfonamide compound may lead 
to the prevention of cellular multiplication 
while on the other hand a high concentration 
of the metabolite can prevent such inhibitory 
action. This has been demonstrated to be 
true for various microorganisms both in cul- 
tures and in certain in vivo experiments. For 
example, the therapeutic action of sulfanil- 
amide was completely nullified when admin- 
istered with para-aminobenzoic acid to mice 
inoculated with Streptococcus hcmolyticus~ or 

* This study \vas supported in part tlirough funds 
made available by Burroughs 'Wellcome and Com- 
pany (USA), Inc. 

1 Sabin, A. B., and Warren, J., Peoc, Soc. Exp. 
Biol, and Med., 1942, 51, 19. 

- Coggesliall, L. T., Am. J. Trap. Med., 1938, 
18, 715. 

3 Levine, P. P., Cornell Vet., 1939, 29, 309. 
■iWehr, E. W., and Farr, M. M., J. Parasitol., 
1945, 31, 359. 

5 Farr, M. M., and Welir, E. W., J. Parasitol., 
1945, 31, 353. 

c Horton-Smith, C., and Boyland, E., Brit. J. 
Pharm., 194G, 1, 139. 


Diplococcus pneumoniae Type I.® In experi- 
mental avian malaria,®-’®-^^ para-aminobenzo- 
ic acid has likewise been shown to have an 
antagonistic effect toward the therapeutic 
action of sulfonamide compounds. 

Folic acid^® and certain of its derivatives 
also have been shown to antagonize the 
bacteriostatic properties of sulfadiazine in 
in vitro experiments in which Streptococcus 
jaecalis Ralston was used as a test organism. 
In view of this and the fact that folic acid 
contains a para-aminobenzoic acid moiety it 
might be assumed that similar results would 
be obtained in in vivo e.xperiments with this 
compound. 

The studies reported here were carried out to 
determine the effects of para-aminobenzoic 
acid, folic acid, sodium sulfathiazole and com- 
binations of para-aminobenzoic acid and 
sodium sulfathiazole and folic acid and sodium 
sulfathiazole on experimental Toxoplasma 
infection in mice. 

Methods. The parasite and maintenance oj 
a stock strain. The R.H. strain of Toxoplasma 
used in all experiments was obtained through 
the courtesy of Dr. Joel Warren, Army Med- 
ical Center, Washington, D. C. in July, 1946. 
This organism has been maintained in mice 
by intraperitoneal inoculation of 0.2 ml of a 
IxlO-* dilution of to.xoplasma-containing peri- 

7 Selbie, F. E., Brit. J. Exp. Path., 1940, 21, 90. 

s McCarty, M. M., Pkoc. Soc. Exp. Biol, and 
Med., 1941, 4C, 133. 

9 Maier, J., and Eiley, E., Proc. Soc. Exp. Biol. 
AND Med., 1942, 50, 152. 

10 Marshall, E. K., Jr., Litchfidd, J. T., Jr., and 
White, H. J., J. Pharm., 1942, 75, 89. 

11 Seeler, A. O., Groessale, O., and Buesenberrv 
E. D., J. Bact., 1943, 45, 205. 

iSLampen, J. O., and Jones, M. J J. j}iol 
Chem., 1946, 1C4, 485. 
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TABLE I. 

Effect of Different Cojicciitrfltioiis of So<1iuin Sulfntiiiozoic aiul Pom-oniiiiobenzoic Acid on 
ToxopJdsiiici Infection in Alice. Results in the table are based on ihc lost (toy in the experiment 
on ^Y]licb an accurate LD.-,o titer conld be calculated for the control aainials. 


Coinpomul .and cone, in diet 

Proportion of inoculated mice dying 
at dilution of 

IxTO-i 1x10-2 ixlO-a IxlO-r 

LDjo titer 
on last d.ay 
of OX]). 

Last day 
of exp. 

Sodium sulfatbiazole 1.0% 

0/7 

1/7 

1/6 

0/4 . 

—0.5 

10 

Control 

7/7 

6/7 

7/7 

3/7 

3,93 

10 

Sodium sulfatbiazole 0.15% 

0/7 

0/7 

0/7 

0/7 

— 0.5 

9 . 

Control 

7/7 

7/7 

6/7 

3/7 

3.75 

9 

Sodium sulfatbiazole 0.03% 

6/G 

2/6 

0/6 

0/6 

1.74 

7 

Control 

6/6 

6/6 

6/6 

0/6 

3.50 

7 

Para-aminobenzoic acid 3.5% 

7/7 

6/6 

5/6 

3/7 

3.74 

10 

Control 

7/7 

6/7 

7/7 

3/7 

3.93 

10 

Para-aminobenzoic acid 0.15% 

5/6 

6/6 

6/6 

3/6 

3.S3 

S 

Control 

G/G 

5/6 

5/6 

2/6 

3.51 

s 


toneal fluid obtained from previous!}' infected 
mice. Transfers of the strain have been made 
every 5 to 6 days. 

Titration of the organism and inoculation 
of experimental animals. Toxoplasma-contain- 
ing peritoneal fluid obtained from 4 stock 
mice on the fifth or sixth day of infection was 
pooled. Serial dilutions of 1x1 IxlCk", 
1x10"^ and 1x10"* were prepared in Locke's 
solution. Six to 7 mice, weighing IS to 20 g 
each, were inoculated with 0.1 ml of the first 
dilution and this procedure was repeated for 
each of the succeeding dilutions using a sim- 
ilar number of mice in each case. The ani- 
mals were obseix'ed for a period of 15 days. 
Deaths which occurred within 3 days follow- 
ing inoculation are not included in the results. 
Mice which died between the fourth and fif- 
teenth days were e.xamined for the parasite and 
included in the data only if the parasite was 
observed in large numbers in the periione.d 
fluid. The LD50 titer calculations were made 
according to the methods of Reed and 


Muench.^" 

Maintenance of mice during the test period. 
During the experimental period the mice were 
fed a standard diet which consisted of sucrose 
3650 g casein (vitamin free) 900 g, Cnsco 
250 gf salt mixture 150 g,» cellu flou r Type 

J. Jlyg., 


1938, 27, 493. 
Jl "Wesson, D. 



B 50 g, cod liver oil 75 drops, potassium iodide 
75.6 mg, thiamin hydrochloride 25 mg, ribo- 
flavin 35 mg, calcium pantothenate 75 mg, 
niacin 70 mg, pyridoxine hydrochloride 23 
mg, and choline chloride 5 g. Test compounds 
were administered to the animals in this diet. 
Appro.ximately 4 g of diet or diet-drug mix- 
ture was provided for each mouse per day. 
For each drug tested one group of iininocu- 
lated mice was fed the diet-drug mixture 
thereby serving as a drug control. Water was 
prov'ided at all times. 

Results. Sodium sulfathiazole in a concen- 
tration of 1.0% in the diet protected 22 out 
of 24 mice inoculated with Toxoplasma for 
15 days. One death occurred in the 1x10'- 
dilution group and one in the 1x10'“ dilution 
group. Xone of the inoculated mice treated 
with 0.15% sodium sulfathiazole succumbed 
to the e.xperimental disease. At a concentra- 
tion of 0,03% protection was slight although 
deaths occurred somewhat later than in the 
untreated controls. (Table I) 

Toxic effects of sodium sulfathiazole were 
observed in mice fed a concentration of 1.0% 
of the drug. These were manifested as leth- 
argy, ruffling of the coat and loss of weight. 
Xo to.vic effects were noted in animals fed 
0.15% or 0,03% sodium sulfathiazole. 

Para-aminobenzoic acid at concentrations 
of 3.5% and 0.15% in the diet had no effect 
upon the experimental dise.ase in mice. There 
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TABLE 11. 

The Effects of Sodium Sulfathiazole and Para-aminobcnzoic Acid, Separately and Combined, on 
Toxoplasma Infection in Slice. Eesults in the table are based on ihe last day in the expcriviaii 
on ■'vhieh an accurate LD.-;n titer could be calculated for control animals. 

Proportion of inoculated mice dying LDjo titer 

at dilution of on last day Last day 


Compound and cone, in diet 

1x10-1 

l.xl0-a 

1x10-3 

1x10-4 

of exp. 

of exp. 

Sodium sulfathiazole 0.15% 

0/6 

0/6 

0/6 

0/6 

— 0.5 

S 

Para-aminobenzoic acid 0,15% 
Para-aminobenzoic acid -f- 
sodium sulfathiazole 0.15% 

5/6 

6/6 

6/6 

3/6 

ii-So 

8 

each 

6/6 

6/6 

5/6 

0/6 

3.39 

S 

Control 

6/6 

5/6 

5/6 

2/6 

3.51 

8 


TABLE III. 

The Effect of Sodium Sulfathiazole and Eolic Acid Alone and in Combination on Toxoplasma 
Infection in Slice. Eesults in the table are based on the last day in the experiment on nrluch the 
accurate LD.:;o titer could be calculated for the control animals. 

Proportion of inoculated mice dying ED50 titer 

at dilution of on last day Last day 


Drug and cone, in diet 

1x10-1 

1x10-2 

1x10-3 

1x10-4 

of exp. 

of exp. 

Exp. I 

Polio acid 0.08% 

6/6 

6/6 

0/6 

3/6 

4.00 

9 

Sodium sulfathiazole 0.08% 

0/0 

0/6 

0/6 

0/6 

— 0.5 

9 

Polio acid -1- sodium 

sulfathiazole 0.08% each 

0/6 

6/6 

4/6 

0/6 

3.24 

9 

Control 

6/6 

6/6 

6/6 

2/6 

3.74 

9 

Exp. II 

PoEc acid 0.08% 

6/6 

5/6 

5/5 

1/6 

3.29 

S 

Sodium sulfatluazole 0.08% 

2/6 

2/0 

0/6 

0/5 

1.20 

8 

Polio acid -f sodium 

sulfathiazole 0.08 % each 

4/5 

6/6 

4/6 

2/6 

2.29 

8 

Control 

0/0 

0/6 

6/6 

3/6 

4.00 

8 


tvas no evidence of toxicity resulting from the 
administration of this compound. (Table I) 
When fed a diet containing both sodium 
sulfathiazole and para-aminobenzoic acid at 
0.13% concentration each, the experimental 
disease in mice tvas not altered, i.e. these ani- 
mals died at the same rate as untreated in- 
oculated control animals. In this reversal 
experiment sodium sulfathiazole alone at 
0.15% concentration afforded complete pro- 
tection of all mice at all dilutions of the in- 
oculum while 0.15% para-aminobenzoic acid 
failed to protect any of the mice. (Table II) 
Two experiments were conducted to deter- 
mine the effects of folic acid and sodium 
sulfathiazole singly and in combination on 
Toxoplasma infection in mice. A diet con- 
taining 0.08% of sodium sulfathiazole pre- 
vented the death of inoculated mice while a 
diet containing 0.08% of folic acid failed to 
protect any of the mice. When fed a diet 


containing both drugs at 0.08% concentra- 
tion each, mice were likewise not protected, 
i.c. animals so treated died at approximately 
the same rate as inoculated control animals. 
This experiment was repeated and similar 
results were obtained. (Table III) 

Summary. Mice inoculated with fatal dos- 
ages of Toxoplasma (R.H. strain) were pro- 
tected by the administration of sodium sulfa- 
thiazole in the diet in concentrations of 1.0%, 
0.15%, and 0.08% but not bv a concentration 
of 0.03%. 

Neither para-aminobenzoic acid nor folic 
acid were obsen’ed to exert a significant effect 
on e.xperimental toxoplasmosis in mice. 

The protection afforded toxoplasma-infect- 
ed mice by treatment with sodium sulfathia- 
zole was nullified bj' the simultaneous ad- 
ministration of para-aminobenzoic add or 
folic acid. 
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Pharmacological Characteristics of Neohetramine, a New A.ntihistaminic 

Drug* I. 


John F. Reinhard and John V. Scudi. 

From the FFepera Chemical Co., Inc., Fepera Pari-, Tonlers, N. T. 


The symptomatic relief afforded b}^ anti- 
histaminic agents in the treatment of various 
allergic phenomena has stimulated the search 
for superior drugs. This search has led to the 
synthesis of Neohetramine,! 2-(N-dimethyl- 
aminoethyl-N-p-methoxybenzyl) amino py- 
rimidine monohydrochloride. Comparison rvith 
other antihistaminic drugs reveals that Neo- 
hetramine is relatively non-toxic, and is ef- 
ficient both in counteracting the effects of 
histamine and in preventing anaphylactic 
shock. Prelirainar}r details of this study are 
set forth below. 

Experimental. Acute Toxicity. Acute toxici- 
ties of Neohetramine and other antihistaminic 
drugs were determined in mice (17 to 22 g 
males, C.F. 1 strain) and guinea pigs (300 
to 400 g males) . In both species signs of acute 
toxicity consisted of convulsions, complete 
extension of fore and hind limbs followed by 
respiratory paralysis and cardiac arrest. Ne- 
cropsies performed daily for one week on 
surviving mice disclosed no gross abnormal- 
ities. The LDao doses and associated limits of 
error, computed graphically,^ are summarized 
in Table I. Neohetramine is the least toxic 
member of the series. In mice, the oral LDjo 
of Neohetramine is approximately twice as 
high as the intraperitoneal LDjo, and in 
guinea pigs, it is about 5 times as high. 

Chronic Toxicity. Neohetramine was ad- 
ministered to 105 weanling rats* (approxi- 
mately 20 per group) either by way of the 
diet (50, 100, 200 mg/kg daily) or subcutan- 
eously (10, 20 mg/kg twice daily) for a 

arc in'aSted to Mr. Bernard S. Rubin for 


his assistance. x-ttioq 

t Neolietoniine w.as formerly knojm as NH-188. 
1 (Ib Beer J. Pharmacol, 1943, 85, t- 
t Eats were maintainefl on a stock diet of Punna 
pog Chow and guinea pigs were maintained on 

Bockland E-alibit diet. 


period of 91 days. The experimental animals 
and 21 (untreated) controls were weighed 
frequently and complete blood counts were 
taken at regular intervals. At the end of the 
test period the rats receiving Neohetramine 
were indistinguishable from their controls. 
Treated animals grew at a normal rate, e.\- 
hibifed no abnormalities in blood morphology, 


TABLE I. 

Acute Toxicity of Neolietramine. 


Drug 

tdlao 

mg/kg 

(base) 

Limits of 
error (9c) 

Benadryl"* 

74.6 

.9M10", 
95-100 h 

PyribenKamine* 

65.3 

Hetramine* 

61.0 

91-110 

A'eolietramine"* 

119.0 

90-195 

" f 

245.0 

91-lli\ 

73-137' 



” f 

(guine.a pig) 

493.0 


*■ Dose given intraperitoneally. /• 

t Dose given orally. 


TABLE II. 

Protection Against Intravenous Histamine. 


Drug 

TDso* 

mg/kg 

(base) 

Limits of 
error (^e) 

Hetramine 

72 

So-llS 

Hfcohetramine 

3*15 

04-147 

Benadryl 

1.00 

74-133 

Pyribenzaminc 

0.055 

64-14S 


* Dose protecting 50% of the .animals. 
T^VBLE III. 

Protection Against Nebulized Hist.amiiic. 


Drug 

TD,,o 

mg/kg 

i.p. 

Limits of 
error (%) 

Hetraniino 

6.4 

74-130 

Benadryl 

3..3 

70-143 

Neohetramine 

3.., 

73-140 

Pyribenzaminc 

0.2 

65-155 

Neohetramine* 

3.0 

70-1. 

Pyribenzaminc ' 

0.8 

7S-12S N 


'Hist.amine and drug nebulized from saiiio .solu- 
tion. 
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TABLE r\'. . 

Protection Against AiiaphTlac-tie Sliock in tlic- Guinea Pig. 


Antihistaminic drug* 

Dosage 
(mgAg i.p.) 

Xo. survivals/ 

Xo. animals injected 

9c survival 

Eone (controls) 

— 

4/31 

12.9 

ICeohetraminet 

o 

S/19 

42.1 


10 

12/20 

60.0 


25 

10/20 

50 

PvTibenzaminei 

10 

13/20 

65 


25 

14/20 

70 

Benadrvl 

25 

3/10 

30 


* Administered intraperitoneallr 30 minutes before rbe slioek injection of liorse semm. 
t The difierenees betn-een Keob’etramine and Pvribenzamine at tlie 10 and 25 rag dose levels, 
tested br the Clii Square iletbod, are not significant. 


and developed no organ patltologj-. We are 
indebted to Professor George K.. Higgins of 
the New York ^ledical College for the exam- 
ination of all microscopic sections. 

Protection against intravenously admin- 
istered histamine. Groups of 10 male guinea 
pigs (300 to 400 g) were given graded intra- 
peritoneal doses of the various antihistaminics. 
Thirty minutes later, a uniformly fatal dose 
(LOioo) of histamine diphosphate (0.5 mg 
per- kg histamine) was injected intravenously 
wi^,- the results shown in Table II. In this 
test' Hetramine was the least active, Neo- 
hetramine and Benadryl were about equally 
active and PjTibenzamine was the most active 
antagonist. 

Protection against nebulized histamine. 
Groups of 10 guinea pigs (300 to 400 g males) 
were exposed, 4 at a time, to an atmosphere 
containing histamine aerosol.- In these e.xperi- 
ments, 0.35 cc of a solution containing 12.5 
mg histamine per cc was nebulized in 10 
minutes into an 18 liter chamber. Untreated 
animals invariably died of topical histamine 
poisoning, but animals exposed 30 minutes 
after the intraperitoneal injection of increas- 
ing doses of the antihistaminic agents were 
protected as shown in Table IH. When tested 
in this manner Neohetramine has the same 
potency as Benadtyl. Pyribenzamine appears 
to be 17 times more active than Neohetramine 
but when, by a slight modification of pro- 
cedure, histamine and antihistaminic drug 

- Loev, E. B., EaUer, M. E., and iloore, J. Phar- 
maeoh, IPIS, S3, 120. 


were nebulized from the same solution, Pj-ri- 
benzamine was only 4-5 times as potent as 
Neohetramine. 

Influence on Capillary Permeability. The 
ability of the various drugs to pre%"ent hista- 
mine wheals was determined according to a 
modification of the method of Last and Loew,® 
Two concentrations of antihistaminic drug 
(1 and 4 micromok per cc) were combined 
with equal volumes of histamine in each of 
7 concentrations (1, 2, 4, 8, 16, 32, and 64 
micromols per cc). Randomized intracutan- 
eous injections of 0.2 cc of each solution were 
made into the shaved abdominal skin of the 
rabbit and immediately afterward, 10 cc of 
1% aqueous trx-pan blue was injected intra- 
venously. Histamine antagonism was indicated 
by failure of the injected site to become blue. 
The end-point was taken as the highest 
concentration of histamine antagonized by 
each dose of antihistaminic drug. An analysis 
of variance performed on the data of qua- 
druplicate assays indicated that differences 
attributable to animal variation were non- 
significant. Mean values are, therefore, pre- 
sented. The data show that the efi'ect of a 
solution containing 1.9 micromols of hista- 
mine per cc (f.c., 0.21 mg) was completely 
nullified by the incorporation of one micro- 
mol of Neohetramine per cc (0.26 mg). In 
other words, one molecule of Neohetramine 
antagonized approximately 2 molecules of 
histamine. Under similar conditions one mole- 

3 Last, M. E., and Loew, E. B., J. Pharmacol., 
1946, 89, SI. 
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Fig. 1. 


cule of Benadryl inhibited 1,5 molecules of 
histamine and one of Pyribenzamine nullified 
the action of nearly 9 molecules of histamine. 

Excised tracheal tissue. Excised guinea pig 
tracheal tissue was studied according to the 
method of Castillo and de Beer."* In a 25 cc 
bath using Hastings-van Dyke solution with 
glucose, uniform contractions of the tracheal 
‘chains” produced by 0.72 fig of histamine 
per cc of bath fluid were reduced by incorpo- 
rating in the histamine solution graded con- 
centrations of Neohetramine (.029 to 1.876 
fig per cc of bath fluid), or Pyribenzamine 
(.026 to 1.664 fig per cc). As shown in 
Figure 1, a good linear response was obtained 
with increasing concentrations of Neohetra- 
mine, whereas with Pyribenzamine the re- 
sponse was more erratic. Since the highest 
drug concentrations were equimolar and re- 
duced the histamine contraction to the same 
extent (55%), Neohetramine and Pyribenza- 
niine e.xhibited equal activity against this 
test object. 

Anaphylaxis. The antianaphylactic activity 
of the various drugs was studied in 140 guinea 
Digs (300 to 400 g males). Appr oximately 2 

col., 1947, 89, 104. 


weeks after intraperitoneal sensitization with 
one cc of 10% horse serum,® 27 of 31 un- 
treated animals succumbed to an intravenous 
shocking dose of 0.5 cc of undiluted horse 
serum. Intraperitoneal injection of the anti- 
histaminics 30 minutes before the shock 
dose resulted in survival as shown in Table 
IV. Protection was obtained with as little as 
5 mg of Neohetramine per kg. When 10 mg 
per kg was injected 60% of the animals 
survived, but larger doses afforded no greater 
protection. Pyribenzamine exhibited the same 
order of activit}" as Neohetramine, and af- 
forded no greater protection at higher dose 
levels. Benadryl afforded some protection 
(30%) at a dosage of 25 mg per kg but 50 
mg per kg proved to.xic to 3 out of 4 animals. 
Further e.xperiments involving passive sensi- 
tization will be reported in the near future. 

Discussion. Wherever possible, the fore- 
going data were recalculated in terms of the 
number of molecules of histamine antagonized 
by one molecule of Neohetramine; the ratios 
thus obtained varied from 0.5 to 9.0, indicat- 
ing that the amount of histamine antagonized 
depended upon (he test method employed. 
Depending on the tipe of tissue, the species 

'• Frniil;. D. E., J. ImmunoJ.y **>2, 50. 
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of animal, the mode of administration, etc., 
Pyribenzamine may appear to be one or 20 
times as active, and Benadrxd may appear to 
be one-half or equally as active as Neo- 
hetramine. The significance of these compar- 
isons is riot clear because laboratory methods 
of testing are as yet unrelated to clinical ef- 
fectiven^s. 

In a clinical comparison of 2 antihistaminic 
drugs. Loveless® recently reported that Bena- 
dtyl was better suited to the treatment of 
ilenieres syndrome and intrinsic allergic 
asthma while Pyribenzamine was more effect- 
ive in the treatment of non-seasonal e.vtrinsic 
asthma. It may be inferred from this report 
that different drugs will be required in the 
treatment of different forms of hj^iersensitiv- 
ity. Since laboratory methods of testing do 
not give a reliable index of the clinical value 
of the antihistaminic drugs, it would appear 

0 Loveless, il. H., Am. J. 1947, 3, 290. 


that final evaluation of these drugs can be 
established only in human subjects, and then 
only with reference to the treatment of specif- 
ic allergic states. 

Sinmnary. .^s judged by the intraperitoneal 
toxicity in mice, Neohetramine is about one- 
half as toxic as other antihistaminic agents. 
Weanling rats, receiving as much as 200 mg 
of Neohetramine per kg body weight per day 
over a period of 3 months, grew at a normal 
rate, exhibited no abnormalities in blood 
morphology and developed no organ pathol- 
ogy. Neohetramine showed marked activity 
against the bronchiolar and capillary actions 
of histamine. Quantitative estimates of the 
amount of histamine antagonized by Neo- 
hetramine varied with the method of testing. 
Neohetramine conferred protection against 
anaphylactic shock in guinea pigs actively 
sensitized to horse serum. The implications 
of these findings are discussed. 
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Pharmacological Characteristics of Neohetramine, a New Antihistaminic 

Drug. 11. 

N. B. Dreyer and Doxaed Harwood. (Introduced by John V. Scudi.) 

From the Vepartvunt of Pharmacology, University of Vermont, SurUngton, Vt. 


Several compounds which have anti-hista- 
minic properties have been described recent- 
ly.^-- Stress has been laid mainly on their 
ability to counteract histamine activity and 
certain allergic phenomena. iMany of these 
compounds possess other properties as shown 
by their action on smooth muscle and glandu- 
lar activity.®-^ Neoantergan® is stated to have 
local anesthetic and quinidine-like properties. 
Benadrj-P has some atropine-like activity*. 

1 Feinberg, S. M., J. A. il. A., 194G, 132, 703. 

2 Winters. C. A., J- FharmacoJ. ami Exp. Thcrap., 
1946, 87, 256. 

3 Dews. P. D.. .md GraJi.im, J. D. P., British J. 
Fharmaco!.. 1946, 1, 27S. 

4 Dreyer, X. B., and Denton, C., Fed. Froc. Am. 
Soc. Exp. Biology, 1947, C, 324. 


PvTibenzamine® and 01013® enhance epine- 
phrine responses. Described below are some 
effects of a new anti-histamine compound, 
Neohetramine. 

Its anti-histamine activity was tested on the 
isolated ileum of guinea pig; isolated uteri 
of guinea pig, cat, and rat; blood pressure of 
cats and dogs; the intestine of the cat w situ, 
and blood vessels of the rabbit ear per- 
fused at room temperature. Flow of saliva 
from submaxillary gland and blood piessure 
of the cat and dog sewed to test the effects 
of Neohetramine on the autonomic nervous 
system. .411 ex cised organs were suspended in 

= Yonkm.m, F. F., ct ah, J. Pharmacol, and Exp 
Thernp., 1946, 87, 256. 

® Lee, H. il., et ah, ihid., 1947, 00, S3. 
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Fig. 1. 


cule of Benadryl inhibited 1.5 molecules of 
histamine and one of Pyribenzamine nullified 
the action of nearly 9 molecules of histamine. 

Excised tracheal tissue. Excised guinea pig 
tracheal tissue was studied according to the 
method of Castillo and de Beer."* In a 25 cc 
bath using Hastings-van Dyke solution with 
glucose, uniform contractions of the tracheal 
'chains” produced by 0.72 fig of histamine 
per cc of bath fluid were reduced by incorpo- 
rating in the histamine solution graded con- 
centrations of Neohetramine (.029 to 1.876 
fig per cc of bath fluid), or Pyribenzamine 
(.026 to 1.664 fig per cc). As shown in 
Figure 1, a good linear response was obtained 
with increasing concentrations of Neohelra- 
mine, whereas with Pyribenzamine the re- 


sponse was more erratic. Since the highest 
drug concentrations were equimolar and re- 
duced the histamine contraction to the .same 
extent (55%), Neohetramine and Pyribenza- 
mine exhibited equal activity against this 
test object. 

Anaphvlaxis. The antianaphylactic activiu- 
of the various drugs was studied in 140 guinea 
oias (300 to 400 g males). Approxima^y 2 


col, 19i7, 8», 10^- 


weeks after intraperitoneal sensitization with 
one cc of 10% horse serum, ^ 27 of 31 un- 
treated animals succumbed to an intravenous 
shocking dose of 0.5 cc of undiluted horse 
serum. Intraperitoneal injection of the anti- 
histaminics 30 minutes before the shock 
dose resulted in survival as shown in Table 
I\'. Protection was obtained with as little as 
5 mg of Neohetramine per kg. When 10 nig 
per kg was injected 60% of the animals 
survived, but larger doses afforded no greater 
protection. PiTibenzamine exhibited the same 
order of activity as Neohetramine, and af- 
forded no greater protection at higher dose 
levels. Benadryl afforded some protection 
(30%) at a dosage of 25 mg per kg but 50 
mg per kg proved toxic to 3 out of 4 animals. 
Further e.xperiments involving passive sensi- 
tization will be reported in the near future. 

Discussion. Wherever possible, the fore- 
.going data were recalculated in terms of the 
number of molecules of histamine antagonized 
by one molecule of Neohetramine; the ratios 
thus obtained varied from 0.5 to 9.0, indicat- 
ing that the amount of histamine antagonized 
depended upon the test method eniploved. 
Depending on the type of tissue, the .epecics 

■“ Frank, D. E.. J. ImnuctwK., .*>2, r)0. 
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of animal, the mode of administration, etc., 
Pyribenzamine may appear to be one or 20 
times as active, and Benadryl may appear to 
be one-half or equally as active as Neo- 
hetramine. The significance of these compar- 
isons is riot clear because laboratory methods 
of testing are as yet unrelated to clinical ef- 
fectiveness. 

In'a clinical comparison of 2 antihistaminic 
drugs, Loveless® recently reported that Bena- 
dryl was better suited to the treatment of 
IMenieres syndrome and intrinsic allergic 
asthma while Pyribenzamine was more effect- 
ive in the treatment of non-seasonal extrinsic 
asthma. It may be inferred from this report 
that different drugs will be required in the 
treatment of different forms of h 3 'persensitiv- 
ity. Since laboratory methods of testing do 
not give a reliable index of the clinical value 
of the antihistaminic drugs, it would appear 

0 Loveless, M. H., Am. J. Med., 1947, 3, 290. 


that final evaluation of these drugs can be 
established only in human subjects, and then 
onlj'- with reference to the treatment of specif- 
ic allergic states. 

, Summary. As judged by the intraperitoneal 
toxicity in mice, Neohetramine is about one- 
half as toxic as other antihistaminic agents. 
Weanling rats, receiving as much as 200 mg 
of Neohetramine per kg body weight per day 
over a period of 3 months, grew at a normal 
rate, exhibited no abnormalities in blood 
morphology and developed no organ pathol; 
og.v. Neohetramine showed marked activity 
against the bronchiolar and capillarv* actions 
of histamine. Quantitative estimates of the 
amount of histamine antagonized Neo- 
hetramine varied with the method of testing. 
Neohetramine conferred protection against 
anaphylactic shock in guinea pigs actively 
sensitized to horse serum. The implications 
of these findings are discussed. 
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Pharmacological Characteristics of Neohetramine, a New Antihistaminic 

Drug. II. 

N. B. Dreyer and Donald Harwood. (Introduced by John V. Scudi.) 

From tlie Department of Pharmacology, University of Vermont, Burlington, Tt. 


Several compounds which have anti-hista- 
minic properties have been described recent- 
ly.*- Stress has been laid mainly on their 
ability to counteract histamine activity and 
certain allergic phenomena. Many of these 
compounds possess other properties as shown 
by their action on smooth muscle and glandu- 
lar activity.® * Neoantergan® is stated to have 
local anesthetic and quinidine-like properties, 
Benado'P has some atropine-like activity. 

1 Pcinberg, S. M.. J. A. it. A., 194G, 132, 703. 

Wiiitcrs, C. -A,, J. Pharmacol, and Exp. Thcrap., 
194G, 87, eSG. 

3 Dews, P. B.. and Gr.ilmm, J. D. P., British J. 
Pharmacol.. 1940, 1, 27S. 

* Dreyer, X. B., and Denton, C., Fed. Proc. Am. 
Soc. Exp. Biology. 1947, 0, 324. 


Pj-ribenzamine® and 01013® enhance epine- 
phrine responses. Described below are some 
effects of a new anti-histamine compound, 
Neohetramine. 

Its anti-histamine activity was tested on the 
isolated ileum of guinea pig; isolated uteri 
of guinea pig, cat, and rat; blood pressure of 
cats and dogs; the intestine of the cat w situ, 
and blood vessels of the rabbit ear per- 
fused at room temperature. Flow of saliva 
from submaxillary gland and blood piessure 
of the cat and dog served to test the effects 
of Neohetramine on the autonomic nervous 
system. All excised organs were suspended in 

3 Yonkman, P. F., ct al., J. Pharmacol, and Exp. 
Thcrap., 194G, 87, 25C. 

G Lee, II. 11., ct al, ibid., 1947, 00, S3. 
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Neohetramine 



Pig. 1. 


cule of Benadryl inhibited 1.5 molecules of 
histamine and one of Pyribenzamine nullified 
the action of nearly 9 molecules of histamine. 

Excised tracheal tissue. E.\xised guinea pig 
tracheal tissue was studied according to the 
method of Castillo and de Beer,'* In a 25 cc 
bath using Hastings-van Dyke solution with 
glucose, uniform contractions of the tracheal 
‘chains” produced by 0.72 jug of histamine 
per cc of bath fluid were reduced by incorpo- 
rating in the histamine solution graded con- 
centrations of Neohetramine (.029 to 1.876 
/ig per cc of bath fluid), or PjTibenzamine 
(.026 to 1.664 fig per cc). As shown in 
Figure 1, a good linear response was obtained 
with increasing concentrations of Neohetra- 
mine, whereas with Pyribenzamine the re- 
sponse ivas more erratic. Since the highest 
drug concentrations were equimolar and re- 
duced the histamine contraction to the .same 
extent (5S%), Neohetramine and Pj-ribeiiza- 
mine exhibited equal activity against this 
test object. 

\naph\'laxis. The antianaphylactic activity 
of "the various drugs was studied in 140 guinea 
pigs (300 to 400 g males). Approximately 2 

cot., wr, m 10^- 


weeks after intraperitoneal sensitization with 
one cc of 10% horse serum,** 27 of 31 un- 
treated animals succumbed to an intravenous 
shocking dose of 0.5 cc of undiluted horse 
serum. Intraperitoneal injection of the anti- 
histaminics 30 minutes before the shock 
dose resulted in survival as shown in Table 
I\'. Protection was obtained with as little as 
5 mg of Neohetramine per kg. When 10 mg 
per kg was injected 60% of the animals 
survived, but larger doses afforded no greater 
protection. Pyribenzamine e.xhibited the same 
order of activity as Neohetramine, and af- 
forded no greater protection at higher dose 
levels, Benadryl afforded some protection 
(30%) at a dosage of 25 mg per kg but 50 
mg per kg proved toxic to 3 out of 4 animals. 
Further e.xperiments involving passive sensi- 
tization will be reported in the near future. 

Discussion. Wherever possible, the fore- 
going data were recalculated in tcrm.s of the 
number of molecules of histamine antagonized 
by one molecule of Neohetramine; the ratios 
thus obtained varied from 0.5 to 9.0, indicat- 
ing that the amount of histamine antagonized 
depended upon the test method employed. 
Depending on the tepe of tissue, the species 

Fran);, TJ. E., J. Imiuiinol., lOJO, tig, .Sii. 
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Relation between Time of Fertilization and Follicle Cell Dispersal in 

Rat Ova * 

Samuel L. Leonard, Preston L. Perlman! and Raphael Kurzrok. 
From ihe Department of Zoology, Cornell University, Ithaca, F.Y., and Few Tori;, F.Y. 


Following the discovery that the enzyme 
hyaluronidase from sperm disperses the fol- 
licle cells of recently ovulated mammalian 
ova, a concept has arisen that the action of 
this enzyme facilitates fertilization by de- 
nuding the ova prior to or simultaneously 
with sperm entrj^’’^ The complete cell dis- 
persal seen when mammalian ova are de- 
nuded by hyaluronidase in vitro^-^ and the 
observation of Gilchrist and Pincus® who 
state “the freeing of adherent follicle cells is 
an inevitable accompaniment of sperm pene- 
tration. . . ’’ have undoubtedly promulgated 
this concept. Observations to be reported in 
this note indicate no mass removal of the 
follicle cells prior to fertilization and that 
sperm penetration precedes the gross denuda- 
tion of the ovum in the rat. 

Methods. Female rats were bred and 12-26 
hours later the ova were removed from the 
oviducts. The ova were examined in a depres- 
sion slide for the disposition of the follicle 
cells and then transferred to a microscope 
slide to determine if fertilization had occurred. 
Hyaluronidase (0.1% solution) was drawn 
under the coverglass to remove the adhering 
follicle cells when it was necessary to ob- 
serve the ovum proper. 

In another e.xperiment, 0.2 cc of hyaluroni- 
dase from bull or rat testes, in concentrations 
of 30-60 turbidity reducing units per cc, was 

* Aiiled by a grant from the Sage Fund provided 
by the Cornell Univer.sity Trustee-Faculty Com- 
mittee on Bcsearcli. 

i Fellow of tlic Scliering Corporation. 

1 McClcan, D., and Bowlands, I. W., Faturc, 
1942, laO, 627. 

- Joel, C. A., and Eiclienbcrger, E., Schweiz. 
itcO. Wchnschr., 1945, Nr. 27, 601. 

3 Leonard, S. L., and Kurzrok, I?., Endocrinology, 
1945, 37, 171. 

■1 Swycr, G. I. M., Eiochem. J., 1947, 41, 409. 

3 Gilebrist, F., and Pincus, G., Anat. Ecc., 1932, 
54, 275. 


introduced into each horn of the uterus of 
a rat in heat and the horns ligated near the 
cervix to prevent leakage. The enzyme was 
dissolved in either Ringer’s solution or in 
the uterine fluid which was removed before 
administering the enzjmie. 

Exfxrimcvtal. In the first experiment, the 
ova of 9 rats were observed to be covered 
with follicle cells and remained in a compact 
mass when removed from the oviduct. They 
were similar in appearance to ova recovered 
from non-bred rats (100 cases). The ova 
proper could not be dissected free of their 
follicle cells with dissecting needles. After 
adding hyaluronidase, which removed the ad- 
hering follicle cells from the 65 ova recovered, 
spermatozoa were identified within the peri- 
vitelline space and polar bodies were present 
in every instance. These fertilized ova were 
obtained 12-16 hours post-coitus. 

From 10 other rats, 31 fertilized ova were 
recovered, and the}’’ were either partially or 
completely denuded of their follicle cells. A 
jelly-like matrix surrounded the ora in sev'eral 
instances, but the follicle cells were few and 
scattered. Dead and motile sperm also were 
observed in this jelly. The denuded fertilized 
ova were recovered in two instances 13 hours 
post-coitus; the remainder at 16-26 hours. 

Following the introduction of hyaluroni- 
dase into both uterine horns of 12 rats in heat, 
masses of ova were recovered in every in- 
stance 18-24 hours later. In not one case 
were the ova denuded. Addition of the uterine 
tliiid of these rats to their own ova, in vitro, 
induced complete denudation in 10-20 
minutes in all trials. 

The results indicate that sperm make their 
way between the follicle cells and fertilize 
the ovum before any visible dispersal of the 
follicle cells occurs. Somewhat later the fol- 
licle cells are dispersed, freeing the ova. 
Furthermore, our observations indicate that 
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oxygenated Ringer fluid kept at Sfl-ST-'C, 
and movements were recorded by the usual 
lever arrangement writing on smoked k}'mo- 
graph paper. Blood pressure was measured 
with a mercury manometer. 


On the guinea pig ileum and uferu.s, and 
uterus of the cat where histamine caused con- 
traction, Neohetramine was capable of abol- 
ishing the action of histamine. The amount 
of histamine causing a submaximal contrac- 
tion varied from one experiment to another 
but n-as kept constant for any particular ex- 
periment. Histamine, as base, 0.03 to 0.3 fig 
per ml gave good contractions of guinea pig 
ileum. The amount of Neohetramine required 
to abolish such a contraction was determined 
and the ratio of Neohetramine to histamine 
base was calculated. For the cat uterus the 
ratio was .7:1; for guinea pig uterus, 1.4:1 
and for guinea pig ileum, 2.7 :1. Neohetramine 
showed greatest activity on the cat uterus, 
somewhat less on the guinea pig uterus, and 
least on the guinea pig ileum. 

Neohetramine was less effective in counter- 
acting the action of histamine on the blood 
pressure of the cat and dog. The fall in blood 
pressure caused by 1 to 2 of histamine was 
easily offset by 2.5 mg per kg of Neohetra- 
mine. However, the vaso-depression caused 
bj' larger amounts of histamine, (5-7 /ig per 
kg) was reduced but could not be completely 
nullified by 8 to 10 mg per kg of Neohetra- 
mine. Neohetramine, like Pyribenzamine, was 
not capable of altering the inhibitory action 
of histamine on the rat uterus. The inhibition 
was as marked after Neohetramine as before, 
even when the ratio of Neohetramine to hista- 
mine was as high as 50 to 1. The vaso-con- 
striction of the perfused rabbit ear caused by 
histamine could be completely counteracted 


by Neohetramine in a ratio of 1:1. 

'in atropinized cats and dogs under ure- 
thane or chloralose and urethane anesthesia, 
Neohetramine (1-5 mg per kg) caused the 
following changes; an immediate drop m 
blood pressure without change m heart ra e, 
followed by recovery in a few minutes. This 
was attributed to cardio-depressant aHion 
resulting from a high 

hetramine in coronaij' blood. As the clru„ 


became generally distributed in the body, 
the final concentration was insufficient to 
continue this cardio-depressant action. Large 
amounts of Neohetramine (8-10 mg per kg) 
produced a temporaiy hypotension. Straub 
heart preparations showed that Neohetramine 
diminished systolic contraction. As the con- 
centration of Neohetramine in the perfusion 
fluid was increased, the depression of systole 
became greater. This was due to direct action 
on the cardiac muscle and was abolished on 
washing. Cardiometric measurements on the 
dog heart showed a diminished systolic and an 
increased diastolic volume after injection of 
Neohetramine. On the perfused rabbit ear, 
Neohetramine caused only slight transient 
dilatation. 

Neohetramine showed little or no effect 
on sympathetic responses, following injection 
of epinephrine or sjunpathetic nerve stimu- 
lation. Potentiation of injected epinephrine as 
described for other anti-histaminics by Yonk- 
man® and Lee® could not be demonstrated. 
This lack of potentiation to epinephrine was 
confirmed on the cat blood pressure and the 
isolated rabbit uterus. On the parasympa- 
thetic nervous system, Neohetramine exerted 
some atropine-like action on the chorda tym- 
pani, but even large doses (8 mg per kg) 
failed to abolish chorda secretion. Atropine 
on the other hand (.1 mg per kg) effectively 
abolished all chorda tympani activity. Vagal 
inhibition of the heart produced b}'- weak 
faradization in the anesthetized cat could be 
eliminated by Neohetramine, but an increase 
in the strength of faradization tended to re- 
store some vagal inhibition. However, Neohe- 
tramine did not lessen the vagal effects on the 
intestine. In several instances Neohetramine 
seemed to potentiate vagal contractions of 
the intestine. 

Total and free acidities of gastric juice 
obtained by rhythmic stimulation of the 
left vagus were unaltered by Neohetramine, 
1-S mg per kg. 

Summary. The above observations indicate 
that Neohetramine jjossesses well-marked 
anti-histaminic properties. In addition it has 
slight atropine-like actions; it does not alter 
epinephrine or sympathetic nerve responses. 
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Relation between Time of Fertilization and Follicle Cell Dispersal in 

Rat Ova* 

Samuel L. Leonard, Preston L. Perlman! and Raphael Kurzrok. 
From 17ie Department of Zoology, Cornell University, Ithaca, F.Y., and JS'eio Yorl:, N.Y. 


Following the discovery that the enzjmie 
hyaluronidase from sperm disperses the fol- 
licle cells of recently ovulated mammalian 
ova, a concept has arisen that the action of 
this enzyme facilitates fertilization by de- 
nuding the ova prior to or simultaneously 
with sperm entry The complete cell dis- 
persal seen when mammalian ova are de- 
nuded 'Ey hyaluronidase in and the 

observation of Gilchrist and Pincus^ who 
state “the freeing of adherent follicle cells is 
an inevitable accompaniment of sperm pene- 
tration. . . ” have undoubtedly promulgated 
this concept. Observations to be reported in 
this note indicate no mass removal of the 
follicle cells prior to fertilization and that 
sperm penetration precedes the gross denuda- 
tion of the ovum in the rat. 

Methods. Female rats were bred and 12-26 
hours later the ova were removed from the 
oviducts. The ova were examined in a depres- 
sion slide for the disposition of the follicle 
cells and then transferred to a microscope 
slide to determine if fertilization had occurred. 
Hyaluronidase (0.1% solution) was drawn 
under the coverglass to remove the adhering 
follicle cells when it was necessary to ob- 
serve the ovum proper. 

In another e.xperiment, 0.2 cc of hyaluroni- 
dase from bull or rat testes, in concentrations 
of 30-60 turbidity reducing units per cc, was 

' Aided by a grant from the Sage Fund provided 
by tbc Cornell University Trustee-F.nculty Com- 
mittee on Rcsearcb. 

i Fellow of tbc Schering Corpor.ation. 

1 McClcan, D., and Roud.ands, I. W., Fatnre, 
1942, 150, 627. 

2 Joel, C. A., and Eiclicnbcrgcr, E., Schwch. 
iled. irchnsehr., 1943, Nr. 27, COl. 

3 Leonard, S. L., and Kurzrob, E., Endocrinology, 
1945, 37, 171. 

■i SvrycT, G. I. 31., Biochem. J., 1947, 41, 409. 

3 Gilchrist, F., and Pinens, G., Anat. Bee., 1932, 
54, 275. 


introduced into each horn of the uterus of 
a rat in heat and the horns ligated near the 
cervix to prevent leakage. The enzyme was 
dissolved in either Ringer’s solution or in 
the uterine fluid which was removed before 
administering the enzyme. 

Experimental. In the first experiment, the 
ova of 9 rats were observed to be covered 
with follicle cells and remained in a compact 
mass when removed from the oviduct. They 
were similar in appearance to ova recovered 
from non-bred rats (100 cases). The ova 
proper could not be dissected free of their 
follicle cells with dissecting needles. After 
adding hyaluronidase, which removed the ad- 
hering follicle cells from the 65 ova recovered, 
spermatozoa were identified within the peri- 
vitelline space and polar bodies were present 
in every instance. These fertilized ova were 
obtained 12-16 hours post-coitus. 

From 10 other rats, 31 fertilized ova were 
recovered, and they were either partially or 
completely denuded of their follicle cells. A 
jellj'-like matrix surrounded the ova in se\’eral 
instances, but the follicle cells were few and 
scattered. Dead and motile sperm also were 
observed in this jelly. The denuded fertilized 
ova were recovered in two instances 13 hours 
post-coitus; the remainder at 16-26 hours. 

Following the introduction of hyaluroni- 
dase into both uterine horns of 12 rats in heat, 
masses of ova w'ere recovered in every in- 
stance 18-24 hours later. In not one case 
were the ova denuded. Addition of the uterine 
tluid of these rats to their own ova, in vitro, 
induced complete denudation in 10-20 
minutes in all trials. 

The results indicate that sperm make their 
way between the follicle cells and fertilize 
the ovum before any visible dispersal of the 
follicle cells occurs. Somewhat later the fol- 
licle cells are dispersed, freeing the ova. 
Furthermore, our observations indicate that 
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the bulk of the sperm and hyaluronidase re- 
. main in the uterus following copulation and no 
mass movement of the enzyme from the uterus 
into the tubes seems to play a part in the 
process of denudation and fertilization. We 
are of the opinion, however, that hyaluroni- 
dase is produced by those sperm which gain 
access to the tubes, and with the aid of this 
enzyme, the sperm traverse the follicle cell 
mass to fertilize the ovum. Later the con- 
centration of enzyme is sufficient to denude 


the ova as was observed 24 hours post- 
coitus. 

Condmion. Fertilization of the rat ovum 
occurs before mass displacement of the sur- 
rounding follicle cells; denudation of the ova 
occurs subsequently. Since hyaluronidase, in- 
troduced into the uterus, does not pass into 
the tubes to denude the ova, it seems that only 
the enzyme associated with the sperm which 
reach the oviduct disperses the follicle cells. 
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Influence of M. varians on Ora! Infectivity of Mouse-Hamster (M-H) 

Virus.* 


Vern Bolin and John A. Anderson 

From ilie George B. Lockhart Memorial Pediatrics Pesearch Laioratorg, Depart mcnt of 
Pediatrics, University of Utah Medical School, Salt Lake City, Utah 


During the course of experiments on the 
susceptibility of white Swiss mice (Webster 
strain) to orally-administered M-H (Mouse- 
Hamster) virus, an une.xplained reduction in 
the usual mortality of the mice occurred. 
During the period of January S to June IS, 
1946 eight experiments involving 214 mice 
were conducted. The mortality to an orally- 
administered, highly concentrated mouse- 
brain suspension of the M-H virus in these 
8 experiments varied between 48 and 80%, 
or an average mortality of 60%. Quite un- 
expectedly on July 26, the administration of 
the same dose of the M-H virus that had 
been used in the previous experiments now 


produced a mortality of onl.v 20%. No e.x- 
planation for this reduced mortality was avail- 
able at that time as the virus end-point fay 
intracerebral or foot-pad inoculation had 
not altered as compared with the previous 8 
e.xperiments. This reduced mortality to the 
tvj.H virus occurred again on December 21, 
1946 (Expenios’’^ 12, 13, Table I)._ Thus, 
in the 13 experiments conducted during this 
yeat there were only 2 in which the m o^- 

tion for Infantile Pawlysis. 


to the usual dose of the virus was less than 
44%-80%, and these mortalities were only 
one-half to one-fourth of the lowest mortality 
previously achieved in the other 11 experi- 
ments. A review of the protocols of the 13 
experiments and the method of preparation 
of the virus used in the oral feeding experi- 
ments shed some light on the problem. 

Lip to Ma^^ 15th, consecutive passages of 
the IM-H virus bj’- intracerebral and foot-pad 
inoculation into the mouse had been per- 
formed until a sev'enth-passage virus was 
obtained on March 20, 1946. Contemplating 
a large number of experiments, subsequent to 
April, 1946, 200 mice were obtained and were 
inoculated subcutaneously into the foot-pad 
with a fatal dose of the seventh passage M-H 
virus. The brains were harvested when 
paralysis or death occurred, and a 25% emul- 
sion in Ringer’s solution was prepared. This 
total volume of the brain emulsion was then 
divided into 10 equal portions and stored in 
sterile lusterloid tubes in the CO; icebox at 
-40° C until needed in the future. Thus, the 
first e.vperiment conducted with one of the 
samples of this new batch of virus was done 
in May. 1946, approximately 4 days after 
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TABLE I. 

iloitaUties of 13 Groups of Svriss Alice Bed M-H Virus Brain Suspension. The concentration 
of the virus suspension fed rvas 109o except in Exp. 4 and 5 rvhen 2.5% rvas used. Tlie virus 
end-point, by subcutaneous injection, in Exp. 1 to 11 was 100% of the animals when 0.03 cc of 
10-G dilution was given. In Exp. 12 and 13 the end-point was lO-i. 


Exp. 

No. 

Date 


Virus 



Mice 


Mortality, 

% 

t 

Amt fed 

Passage 

No. of 
feedings 

Age, 

days 

Sex 

No. 

1 

1- 5-40 

.5-.9 

3 

1 

28 

Mixed 

26 

65 


25 

.5*-.9 

4 

1 

1804- Males 

50 

48 

O 

2-13 

.5-.9 

5 

1 

50 

Alixcd 

40 

47 

4 

18 

.5-9 

6 

3 

28 

J > 

25 

SO 

o 

18 

.o~.9 

6 

3 

28 

J 

25 

. 4S 

0 

3-24 

,5-,9 

7 

0 

52 

f > 

10 

00 

( 

5-19 

.5 

s 

i 

28 

t t 

IS 

77 

s 

6-15 

.0 

s 

o 

40 

f > 

20 

DO 

0 

7-26 

,5 

s 

3 

48 

}} 

20 

20 

10 

9-21 

.0 

s 

1 

48 

Males 

20 

45 

11 

21 

.5 

s 

1 

48 

Female 

27 

44 

12 

12-21 

.0 

s 

n 

48 

Males 

2S 

17.S 

13 

21 

.5 

8 

n 

48 

Female 

20 

10 


the preparation of this batch of virus. The 
end-point of this fresh virus bj’ foot-pad 
inoculation was still Kb® and the mortality 
to the same large oral dose was 77% (Ex- 
periment 7, Table I). One month later on 
June 15, 1946, a second vial of the virus 
suspension was removed from the COj ice- 
box for the conduction of Experiment 8 
(Table I) . At this time the usual high mor- 
tality of 55% was obtained with the same 
dose and concentration of the JI-H virus used 
previously. However, on July 26, 1946, a 
third tube of the virus suspension prepared 
in -April was removed from the icebox for the 
conduction of Experiment 9 (Table 1). In 
spite of the fact that in this experiment the 
mice received 3 consecutiv'e feedings of the 
same dose of virus as in previous e.xperiments 
the mortality was only 20%. On Sept. 21, 
1940. another vial was removed from the ice- 
box for Experiments 10 and 11. and a good 
mortality was obtained. .Again on Dec. 21. 
1946, when Experiments 12 and 13 were con- 
ducted. mortalities of only 17.8% and 10% 
were obtained. 

Fortunately, there was remaining from 
E.xperiments 12 and 13 (Table I) a small 
amount of the original 25% mouse-brain 
virus suspension that had been used in these 
2 e.xperiments. It was noted that this sus- 
pension had a rather orange or amber color 
and tliat particulate matter had settled out. 


For this reason the material was cultured on 
various media, and an organism with the 
following properties was found. This organism 
tolerated a temperature of 60° C for 30 
minutes. It reduced nitrates to nitrites and 
fermented all of the usual 6'Carbon sugars, 
dextrins and glycerol with the production of 
acid only. Starch was not hj’^drolyzed. The 
inoculation of pure cultures of the organism 
intraperitoneally and intracerebrally into 
white mice produced no signs of peritonitis or 
meningitis. The mice remained well for the 
14-day observation period subsequent to in- 
oculation. The organism grew well on nu- 
trient agar, the colonies having a faint yellow 
color when grown at room temperature, but 
not when grown at 37° C. When grown in a 
mouse-brain suspension in Ringer’s solution 
at 4° C or 11° C the colonies at the meniscus 
have a faint pinkish tinge. The brain suspen- 
sion also developed a slight orange-pinkish 
color. This organism has been identified as 
Mkrocoeem varians. 

-A relationship of this organism to the re- 
duced oral infectivity of the AI-H virus was 
postulated, and the following experiments 
were done. 

-An amount of eighth-passage virus, (that 
used in Experiments 12 and 13 and containing 
the Micrococcus varians sufficient to feed 18 
mice was left. This was prepared as a 10% 
suspension and fed in 0.5 cc amounts for 2 
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the bulk of the sperm and hyaluronidase re- 
, main in the uterus following copulation and no 
mass movement of the enzyme from the uterus 
into the tubes seems to play a part in the 
process of denudation and fertilization. We 
are of the opinion, however, that h 3 'aluroni- 
dase is produced by those sperm which gain 
access to the tubes, and with the aid of this 
enzyme, the sperm traverse the follicle cell 
mass to fertilize the ovum. Later the con- 
centration of enzyme is sufficient to denude 


tlie ova as was observed 24 hours post- 
coitus. 

Conclusion. Fertilization of the rat ovum 
occurs before mass displacement of the sur- 
rounding follicle cells; denudation of the ova 
occurs subsequentlj^ Since hj-aluronidase, in- 
troduced into the uterus, does not pass into 
the tubes to denude the ova, it seems that only 
the enzyme associated with the sperm which 
reach the oviduct disperses the follicle cells. 
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Influence of M. various on Oral Infectivity of Mouse-Hamster (M-H) 

^^irus.* 


Vern Bolin and John A. Anderson 

From the George B. Zochhart Memorial Pediatrics Research Lahorotory. Department of 
Pediatrics, Vniversity of Utah Medical School, Salt Lal;c City, Utah 


During the course of experiments on the 
susceptibility of white Swiss mice (Webster 
strain) to orally-administered M-H (Mouse- 
Hamster) virus, an unexplained reduction in 
the usual mortality of the mice occurred. 
During the period of January 5 to June IS, 
1946 eight experiments involving 214 mice 
were conducted. The mortality to an oralty- 
administered, highly concentrated mouse- 
brain suspension of the M-H virus in these 
8 experiments varied between 48 and 80%, 
or an average mortality of 60%. Quite un- 


;xpectedly on July 26, the administration of 
he same dose of the M-H virus that had 
Deen used in the previous experiments now 
iroduced a mortality of only 20%. No e.x- 
alanation for this reduced mortality was avail- 
able at that time as the virus end-point by 
intracerebral or foot-pad inoculation had 
not altered as compared with the previous 8 
E.xperiroents. This reduced mortality to the 
M-H virus occurred again on December 21, 
1946 (Experiments 12, 13, Table Thus, 
in the 13 experiments conducted during this 
year, there were only 2 in which the mortality 
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to the usual dose of the virus was less than 
44%-80%, and these mortalities were only 
one-half to one-fourth of the lowest mortality 
previouslj' achieved in the other 11 experi- 
ments. A review of the protocols of the 13 
experiments and the method of preparation 
of the virus used in the oral feeding experi- 
ments shed some light on the problem. 

Up to May ISth, consecutive passages of 
the M-H virus bj' intracerebral and foot-pad 
inoculation into the mouse had been per- 
formed until a seventh-passage virus was 
obtained on hlarch 20, 1946. Contemplating 
a large number of e.xperiments, subsequent to 
.4pril, 1946, 200 mice were obtained and were 
inoculated subcutaneously into the foot-pad 
with a fatal dose of the seventh passage M-H 
virus. The brains were harvested when 
paralj^sis or death occurred, and a 25% emul- 
sion in Ringer’s solution was prepared. This 
total volume of the brain emulsion was then 
divided into 10 equal portions and stored in 
sterile lusterloid tubes in the COj icebox at 
-40° C until needed in the future. Thus, the 
first e.vperiment conducted with one of the 
samples of this new batch of virus was done 
in IMay. 1946, approximately 4 days after 
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TABLE ni. 


Iiifincnee of Micrococcus varians on the Oral InfectivitT of tlie Yirus. 


Jvo. of mice 

Jtortality 

Xoniial brain suspension 

” ” ” Micrococctis varians 

25 

0 

2.5 


it-H brain suspension 

2(i 

05.0 

” ” ” -i- Micrococcus varians 

24 

33.3 

TABLE I\’. 



Comp.arison of the Inliibiting Effoet of M. varians Organisms and .If. 

varians Culture Filtrate 

on tlie Oral InfcctiTlty of tbe M-H Virus. 



Xo. of mice 

Mortality, % 

M-H virus -f- M. varians (jneub.ated 97 davs) 

21 

2.3.8 

M-H virus -b washed .If. varians (incubated 4S lir) 

20 

3.5.0 

M-M virus M. varians filtrate (incubated 48 hr) 

20 

50.0 

M-H virus only 

17 

.59.4 


successive days. These experiments presented 
in Table III demonstrated that when the M-H 
virus was incubated with a growing culture 
of the Micrococcus various its oral infectivity 
was reduced by one-half. 

. A virus titration of the specimen without 
bacteria was carried out by foot-pad inocu- 
lation at the time the brain samples were 
prepared and when fed. Likewise, the normal 
mouse brain and the normal mouse brain con- 
taining the Micrococcus various were inocu- 
lated into 5 mice at the time of feeding. All 
mice survived. 

.\t the time of the feeding of the virus, 
samples of brain suspension were removed 
from the bottom of each of the 4 tubes and 
cultured on individual blood agar plates. 
Micrococcus varians was found only in the 2 
samples that had been inoculated 29 days 
previously. 

After incubating for 29 days the sample of 
brain suspension containing the virus only 
and the sample of virus brain suspension 
which had been inoculated with the Micro- 
coccus various were titrated by foot-pad 
method in replicates of 5 each of 4-week-okl 
mice. The volume of the dilution inoculated 
into each mouse was 0.03 cc. .Ml samples of 
the M-H virus brain suspension had the 
same end point: a subcutaneous dose of 0.03 
cc diluted to 10 * killed lOO^c of the animals. 

The following e.xperiment was done in an 
attempt to determine whether or not this 
reduction in mortality was due to a direct 
action of the micrococcus on the virus and 


thus to a reduction in the number of virus 
particles available for absorption, or perhaps 
due to the action on the virus of some agent 
in the culture filtrate produced by the micro- 
coccus. Four groups of 8-week-old male mice 
were fed for 2 consecutive days 0.5 cc of the 
following 10% mouse brain virus suspension: 
(1) M-H brain-virus suspension plus micro- 
coccus organisms (incubated at 4® C for 97 
days). (2) INI-H brain-virus suspension plus 
washed Micrococcus various organisms (in- 
cubated at 4°C for 48 hours. (3) AI-H 
brain- virus suspension plus Micrococcus vari- 
ans filtrate (incubated at 4®C for 48 hours). 
(4) M-H brain-virus suspension only. These 
results are tabulated in Table IV. 

Both the M-H virus suspensions contain- 
ing the Micrococcus various organisms had a 
lower mortality than that obtained with the 
^I-H virus brain suspension alone. The fil- 
trate from the Micrococcus varians culture 
did not significantly reduce the infectivity 
of the M-H virus. It appears that the action 
of the ]ilicrococais various organism on the 
M-H virus is a direct one, possibly related to 
its metabolic activity or to some absorption 
phenomenon. 

Summary. Suspensions of mouse brain tissue 
infected with the ^I-H (Blouse-Hamster) 
virus when incubated with a pure culture of 
the Micrococcus various organism were found 
to have a markedly reduced oral infectivity 
for the white Swiss mouse. In spite of this 
reduction in oral infectivity there is no change 
in the infectiviu- of the virus material con- 
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TABLE 11. 

Comparison of tiie Oral Iiifeetivity and the Siihcutaneous Foot-pad Titer of Eighth and Ninth 
Passage M-H Virus. A 10% brain virus suspension was fed. Eiglitli inisstige virus oontaiiicil 
.Ifici'OcoccH.'? vnriuns, ninth passage virus was sterile by culture. 


^ 


^ 

Passage 

Amt 

^o. Subcutaneous Z^rortality. 

.Sex 

Age (clays) 

No. 

No. 

fed 

feedings endpoint 9r 

Mixed 

32 

IS 

s 

0.5 

2 10-C 10.0 

j f 

32 

IS 

9 

0.5 

2 10-t 3;i.O 


consecutive days. For controls, a small 
amount of this virus was passed subcutaneous- 
ly into young Swiss mice whose brains were 
harvested in order to obtain a ninth-passage 
virus, free of the organism. Thus, a compari- 
son of the original micrococcus containing 
eighth-passage virus, and micrococcus free 
ninth-passage virus could be made. The 
eighth-passage virus material produced a 
heavy growth of the micrococcus b}”^ aerobic 
culture while the ninth-passage virus material 
was sterile. A titration, by foot-pad, of each 
of the viruses was done, and a suitable group 
of animals, (18 in number), was fed an 0.5 
cc dose of this ninth-passage virus as a 10% 
suspension. 

Table II presents the results obtained in this 
e.xperiment. The 18 male mice, fed on 2 con- 
secutive days, a dose of O.S cc of the 10% 
eighth-passage virus, had a mortality end- 
point by foot-pad inoculation of 10“® and a 
mortality of only 16.6% to oral administra- 
tion of the virus. On the other hand, the mice 
fed the same dose of ninth-passage virus, 
which had the higher oral infectivity, had a 
lower end point (10-^) by foot-pad inocula- 


tion. 

Table III presents the results of a more 
critical e.xperiment in which the mortalities of 
Swiss mice fed the following preparations 
were determined: (D 10% normal mouse 
brain suspension. (2) 10% normal mouse 
brain plus 1 cc of Micrococcus various cul- 
ture (3) 10% n^ouse brain sus- 

pension. (4) 10% M-H virus mouse brain 
Lspension plus 1 cc of Micrococcus varwus 


solution was prepared. One hundred cubic 
centimeters of this solution was divided into 
2 aliquots, each aliquot containing 50 cc. To 
one aliquot, 1 cc of a 25 day culture of the 
micrococcus was added. (This preparation of 
the Micrococcus various was prepared from 
20% guinea pig brain suspension in which 
the micrococcus had been inoculated and in- 
cubated for 25 days at 11° C). The second 
aliquot of the normal mouse-brain suspension 
received no Micrococcus various inoculum. 
These 2 brain suspensions served as the con- 
trols. The brain suspensions containing the 
IM-H virus were prepared bi^ making 100 cc 
of a 10% M-H infected mouse-brain sus- 
pension. This volume was divided into 2 
aliquots of 50 cc each. The first aliquot was 
inoculated with 1 cc of the Micrococcus vari- 
ous culture while the second aliquot of the 
!M-H brain suspension was not inoculated. 
.All 4 aliquots were then cultivated, both aero- 
bically and anaerobically, on blood agar 
plates at the time of preparation and all were 
found to be sterile e.vcept the 2 which had 
been inoculated with the micrococcus. These 
4 specimens of mouse brain; namely, (1) 
normal mouse brain, (2) norma! mouse brain 
plus Micrococcus various, (3) M-H brain, 
and (4) M-H mouse brain plus Micrococcus 
various were incubated at 1 1 “ C for 29 days. 
Ten daj's after the inoculation of the brain 
suspension with the Micrococcus various, all 
of the tubes were cultured on blood agar. 
Growth existed only in the Micrococcus vari- 
ous inoculated tubes. The other 2 control 
tubes were sterile. Twenty-nine day.« after 
inoculation with the micrococcus, the 4 tubes 
of mouse brain were fed to 4 groups of normal 
male mice. Each mouse was given 0.5 cc of 
the 10% mouse-brain suspension for three 
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TABLE m. 

Influence of Micrococcus various on tbe Oi-al Infectivity of tlio !M-H Virus. 


Xo. of inice 

Mortality 

Xomial brain suspension 

25 

0 

” ” ” Micrococcus various 

2.5 

0 

II-II brain suspension 

2(1 

fio.O 

” ” ” -p Micrococcus various 

24 

33.3 

TABLE XV. 



Comparison of the Inliibiting EiTcct of M. various Organisms and If. 

various Culture Filtrate 

on the Oral Infectivity of the M-H Virus. 



Xo. of mice 

Mortality, % 

M-H virus -p M. various (incubated 97 davs) 

21 ' 

23.8 

M-H virus -i- washed M. various (incubated 48 lir) 

20 

33.0 

M-M virus -j- M. various filtrate (incubated 4S hr) 

20 

50.0 

M-H virus only 

17 

59.4 


successive dai's. These experiments presented 
in Table III demonstrated that when the M-H 
virus was incubated with a growing culture 
of the Micrococcus various its oral infectivity 
was reduced by one-half. 

- virus titration of the specimen without 
bacteria was carried out by foot-pad inocu- 
lation at the time the brain samples were 
prepared and when fed. Likewise, the normal 
mouse brain and the normal mouse brain con- 
taining the Micrococcus various were inocu- 
lated into 3 mice at the time of feeding. All 
mice survived. 

.\t the time of the feeding of the virus, 
samples of brain suspension were removed 
from the bottom of each of the 4 tubes and 
cultured on individual blood agar plates. 
Micrococcus various was found only in the 2 
samples that had been inoculated 29 days 
previously. 

After incubating for 29 days the sample of 
brain suspension containing the virus only 
and the sample of virus brain suspension 
which had been inoculated with the Micro- 
coccus various were titrated by foot-pad 
method in replicates of 5 each of 4-week-old 
mice. The volume of the dilution inoculated 
into each mouse was 0.03 cc. .411 samples of 
the M-H virus brain suspension had the 
same end point; a subcutaneous dose of O.QS 
cc diluted to 10 ■ killed 100% of the animals. 

The following experiment was done in an 
attempt to determine whether or not this 
reduction in mortality was due to a direct 
action of the micrococcus on the virus and 


thus to a reduction in the number of virus 
particles available for absorption, or perhaps 
due to the action on the virus of some agent 
in the culture filtrate produced by the micro- 
coccus. Four groups of 8-week-old male mice 
were fed for 2 consecutive days 0.5 cc of the 
following 10% mouse brain virus suspension: 
(1) AI-H brain-virus suspension plus micro- 
coccus organisms (incubated at 4° C for 97 
days). (2) AI-H brain-virus suspension plus 
washed Micrococcus various organisms (in- 
cubated at 4°C for 48 hours. (3) M-H 
brain-virus suspension plus Micrococcus vari- 
ous filtrate (incubated at 4'’C for 48 hours). 
(4) AI-H brain-virus suspension only. These 
results are tabulated in Table IV. 

Both the M-H virus suspensions contain- 
ing the Micrococcus various organisms had a 
lower mortality than that obtained with the 
>I-H virus brain suspension alone. The fil- 
trate from the Micrococc 2 is various culture 
did not significantly reduce the infectivity 
of the M-H virus. It appears that the action 
of the Micrococcus various organism on the 
M-H virus is a direct one, possibly related to 
its metabolic activity or to some absorption 
phenomenon. 

Suuimary. Suspensions of mouse brain tissue 
infected with the M-H (r^Iouse-Hamster) 
virus when incubated with a pure culture of 
the Micrococcus various organism were found 
to have a markedly reduced oral infectivity 
for the white Swiss mouse. In spite of this 
reduction in oral infectivity there is no change 
in the infectivity of the virus material con- 
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taining the micrococcus when it is injected 
subcutaneously. Filtrates of the micrococcus 
culture do not appear to inhibit the oral 
infectivity of the virus. It is suggested that 
the M-H virus may have been absorbed on 
the Micrococcus varians organism, and is thus 


not as' readilj' available for invasion through 
the intestinal tract or that the virus itself may 
have been modified so that its oral infectivity 
has been reduced while its infectivity by sub- 
cutaneous inoculation is unchanged. 
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Allantoin Clearance as a Measure of Glomerular Filtration 'Rate in Man.^ 

Meyer Friedman, Sanford O. Byers, and Paul M. Abrahm. 

From the SaroW JBrunn Institute for Carcliovaseiilor Fesearch, Mount Zion Hospital, 

San Francisco, Calif. 


In a recent study the renal clearance of 
allantoin in the rat and dog was found to be 
equal to that of creatinine. This equivalence 
held true despite variations in both urine flow 
and plasma concentration of allantoin. It 
seemed probable therefore that the clearance 
of allantoin could serve as a measure of glome- 
rular filtration rate in these two species. 
Furthermore, it seemed possible that the 
clearance of this same substance might ser\'e 
as a measure of glomerular filtration rale in 
man. Therefore it was thought advisable to 
determine the renal clearance of allantom in 
normal human subjects. 

Methods. Five normal men and one woman 
received 10 g of allantoin dissolved in 500 cc 
of fresh orange juice by mouth at 8:00 A. IM. 
on the day of the experiment. Each subject 
was kept at bed rest until 9:30 A. M. at 
which time they were catheterized and given 


1000 cc of H 2 O by mouth. At 10:00 A. M., 
[he bladder was emptied, washed out with 
normal saline solution, a blood sample taken 
and the first urine collection begun. At 10:30 
K M.. the bladder was emptied again, washed 
out with saline solution, and a second blood 
sample was obtained. The second urine col- 
lection began immediately aBer the b,^. 
had been emptied and washed. At 11. 00 


XJ. S. Public Hoaltb 

TtTPr^ S 0 ., Am. J. Physiol, 
1 Friedman, M., and Brers, c , 

) 'be published. 


A. M., the second and final collection period 
was terminated, and a third blood s;imple 
was obtained. 

Urine and plasma samples were analyzetl 
for allantoin by the method of Christman, 
Foster and Esterer," modified as described 
in a previous study .•'* 

The allantoin clearance of each subject 
then was calculated as an average of the 
clearances obtained for the 2 collection 
periods and corrected to 1.73 square meters 
of surface area. 

Results. As Table I indicates, the allantoin 
content of plasma, 120, 150 and 180 minutes 
after ora! ingestion of 10 g of this substance 
remained approximately constant. The av- 
erage stabilitj'' of the plasma allantoin during 
the entire clearance study of course eliminated 
any need for supplemental^^ oral or paren- 
teral administration of allantoin. 

The average plasma allantoin clearance of 
the 6 subjects was iomd to be 123 cc rwT 
minute (See Table I). Individual clearances 
varied from 107 to 137 cc per minute. It 
should be mentioned that no ill effects were 
observed in any patient during or after the 
clearance study. 

Discussion. Similar to the result.s obtained 
in the rat and dc^,’ the pre.sent .study indi- 

e Christm.in. A. .A., Foster, P. W., and Esfercr 
M. B., ,r. FM. Chem., 3.014, 15 . 1 , 101. 

“Byers, S. O., Friedm.an, M., and Garticld, M. jj_ 
Jnt, J. PhijsioLy to be published. 
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TABLE I. 


The Renal Clearance of Allantoin in Human Subjects. 


Patient 

Age,yr 

Avg urine flow 
(cc/min) 

Plasma allantoin cone. 
(mg/100 cc) 

Een.al allantoin clearance 
(cc/min) 

10:00 

10:30 

11:00 

'per. I 

Per. II 

Avg 

AV.J. 

45 

13.45 

7.4 

7.0 

7.5 

101 

113 

107 

H.B. 

22 

3.70 

6.1 

7.1 

6.8 

124 

136 

130 

G.O.* 

43 

10.00 

0.5 

5.1 

4.3 

134 

140 

137 

H.S. 

43 

5.70 

C.9 

7.7 

8.8 

132 

114 

123 

B.S. 

42 

5.20 

5.3 

4.4 

5.1 

115 

114 

127 

D.C. 

32 

5.90 

4.3 

4.3 

4.8 

131 

123 

115 

Avg 


7.33 

5.9 

5.9 

6.2 

123 

123 

123 


* Female. 


cates that the clearance of allantoin probably 
measures the rate of glomerular filtration in 
man. Thus, the average allantoin clearance 
obtained in the 6 subjects (123 cc per minute) 
is approximately the same as the value found 
for the inulin clearance (123 cc per minute) 
in man by Smith, Goldring and Chasis* and 
by one of us (M.F.) in a previous study.® 

4 Smith, H. "W., Goldring, W., and Chasis, H., 
J, Clin, Invest., 1938, 17 , 2G3. 


Conclusion. The average renal clearance of 
allantoin in 6 normal human subjects was 
found to be 123 ccper minute. The similarity 
of this value to that now accepted for the 
renal clearance of inulin (a glomerular filtrate 
without tubular reabsorption) strongly sug- 
gests that the renal clearance of allantoin 
is at the level of glomerular filtration. 

5 Friedman, AI., Selzer, A., and Eosenblum, H., 
J. A. 21. A., 1941, 117 , 92. 
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Effect of Folic Acid* and Bis (^-Ghloroethyl) Sulfide (Mustard Gas)t on 
Transplanted Mouse Lymphosarcoma.^ 

Allan D. Bass and Marion L. H. Freeman. 

From the Department of FharmaooXogp, Syracuse Vnh'crsily College of Medicine, 

Syracuse, A’. Y. 


Leuchtenberger ct al. have shown that 
folic acid is a tumor growth inhibitor for 
sarcoma 180 and for spontaneous mammary 

* The “sjmthetio folic acid,” "Folvite,” and 
‘‘Tcroptcrin” used vero supplied by Ledcrie Lab- 
oratories, Pearl River, N.Y. 

i Tlie bis (p-chloroethyl) sulfide was supplied by 
Edgewood Arsenal, Md. 

+ These studies iiave been made with tlic assis- 
tance of a grant-in-aid from the National Cancer 
Institute. 

1 Lenclitcnbergcr, C., Lewisohn, E,, Laszto, D., 
and Leuchtenberger, B., Pkoc. Soc. Exp. Biol, and 
Med., 1944, 55, 204. 

: Louclitcnbergcr, E., Leuchtenberger, C., Laszlo, 
D., and Lewisohn, E., Science, 1945, 101, 40. 


tumors in mice. Bass and Freeman® were not 
able to demonstrate a similar regression in 
transplanted lymphoma 6C3HED in mice. 
The present investigation was designed to 
further study the effect of folic acid on the 
6C-HED tumors, when administered alone or 
in combination with bis (jS-chloroethyl) sul- 
fide. It was hoped that the folic acid might 
reduce the severity of the toxic side effects 
of bis (/3-chloroethyl) sulfide. Although this 
did not prove to be the case, certain interest- 
ing observations were made which are re- 
ported in this paper. 

3 Bass, Allan D., and Freeman, Marion L. H., 
J. -Vnf. Cancer Inst., 1940, 7, 171. 
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Methods. Adult C3H mice of both sexes ob- 
tained from Jackson Memorial Laboratories 
at Bar Harbor, IMaine and Lymphosarcoma 
6C:;HED were used. Small fragments of 
tumor were implanted subcutaneously into 
the right axillary region with a 16-gauge 
needle. When the tumors were large enough to 
measure, treatment was started. Ninety ani- 
mals were used for this study; 30 receiving 
bis (/3-chloroethyl) sulfide alone, 30 synthetic 
folic acid alone, and 30 both the bis (/3-chloro- 
ethyl) sulfide and folic acid.v' Folic acid was 
administered in dail)'- doses of 0.1 mg per 
mouse. The bis (/3-chloroethyl) sulfide was 
given in doses of 3 mg per kg at 48-hour 
inten'als unless the animals developed toxic 
symptoms in which case the interval was 
prolonged or the dose reduced to fit the in- 
dividual case. Diarrhea and/or a weight loss 
of 1 g or more in 24 hours were used as 
criteria for varying the procedure until ces- 
sation of such symptoms. Both folic acid and 
bis (/3-chloroethy]) sulfide were administered 
intraperitoneally; folic acid in a phosphate 
buffer solution of pH 7.1 and bis (/5-chloro- 
eth3d) sulfide in 0.076% by volume solution 
in propylene glycol. All animals were fed 
Purina dog chow ad libitum. 

Results. Fig. 1 summarizes the results ob- 




Grapli to slio\r tlic growth nite of CQiIIED 
tumors ill control .nniraais as coinparod with .ani- 
mals receiving “synthetic folic acid.” Propylene 
glycol and phosphate buffer were given intraperi- 
toneall)' to 10 animals each. Thirty animals re- 
ceived folic acid. 

tained. Since bis (/3-chloroethyI) sulfide is 
lethal for some animals at the dosage used, 
the points plotted on the curve represent the 
average tumor size of surviving animals. 
Tumor size is indicated as one half the length 
plus the width e.xpressed in centimeters. 
Tumors of animals receiving bis (/3-chioro- 
eth3d) sulfide showed a diminished rate of 
growth with a definite period of regression 
on the sixth day after the treatment was begun. 
Tumors of animals receiving both folic acid 
and bis (j3-cb}oroethyl) sulfide clearly’ showed 
less effect of the therapy than when bis 
(/d-cbhroethyl) siiHide alone was administer- 
ed. .Although less regression or growth in- 
hibition was evident in the animals receiv- 
ing both bis (/3-chloroethyl) sulfide and folic 
acid the survival time was not significantly 
altered. The rate of growth of the tumors in 
control animals receiving phosphate buffer or 
propylene glycol was approximately the same 
as the tumor growth rate of mice receiving 
folic acid (Fig. 2). 

To determine whether there was any dif- 
ference in growth rate of lymphoma OC^HED 
when tumor-bearing niice were given pteroyl 
mono-glutamic acid or pteroyl fri-glutamic 
acid, wc gave 15 C-H mice 0.1 mg of "Fol- 
vite" daily in phosphate buffer and another 
15 mice O.I mg of Teropterin (pteroyl tri- 
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GMS. 



Fig. 3. 

Food limitation ivas begun on tbe second duT. 


glutamic acid) daily for 5 days. The growth 
curve of the tumor in these two groups was 
not significantly different from controls treat- 
ed with phosphate buffer alone, or from the 
growth curt'es when “synthetic folic acid” 
was used. 

The weights of the animals receiving both 
bis ()3-cbloroethyl) sulfide and folic acid were 
maintained better than those receiving bis 
(/J-chloroethyl) sulfide alone. To exclude 
the possibility of weight loss associated with 
drug administration as the cause for the dif- 
ferences in tumor regression a paired feeding 
experiment was carried out, the results of 
which are shown in Fig. 3. Here it is shown 
that limitation of food to 60% of that eaten 


by the control mice has no measurable effect 
upon the tumor growth. The weight loss pro- 
duced by the food limitation is comparable 
to that which is frequently encountered after 
bis (j8-chloroethyl) sulfide administration. 
Additional studies are necessary to elucidate 
the mechanism of folic acid antagonism to 
bis O-chloroetbyl) sulfide. 

Siinnriary. “Synthetic folic add", “Fol- 
vite,” or “Teropterin” in the dosage employed 
do not produce regression in transplanted 
6C3HED tumors in C3H mice. Administra- 
tion of synthetic folic acid partially inhibits 
the effect of bis (,8-chloroethyl) sulfide on 
h’mphosarcoma 6C3HED. 
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Activation of Staphylocoagulase.* 

Earl B. Gerheim.t Johx H. Ff.rcusox, and Bvrtox L. Travis. 

From the Oop<ir(mcii( of P/iysiotopi), Ciiti-crsify of Xorth CaroUnn, Chaprl Hi!!, X.C. 


Smith and Hale* have shown that the in- 

* Tliis work is tbo fifth of a scries of studies on 
"Enzymes and Enzyme Inliibitors in Relation to 
Blood Co-agulation and Hemorrhagic Diseases,” 
aided by n gr.nnf from the John and Mary R. 
Marklc Foundation. 


ability of staphylocoagulase to clot citrated 
plasmas is. in most cases, due to absence of 
an “activator substance” for the staphylo- 


t Junior Rcse.arcli Fellow, F. .S. Puhlic Health 
Service. 
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coagulase. Gratia-’" originally showed that 
staphylocoagulase clotting is independent of 
prothrombin activation, and Rigdon’s* recent 
evidence, using heparin, confirms the inability 
of antithrombic agents to inhibit staphylo- 
coagulase clotting. We have repeatedlj'- con- 
firmed these facts and present the following 
data as ,a preliminary report of progress in 
identifying the “activator” in various plasma, 
serum, and other materials. 

Materials and methods. 1. STAPH.; Sta- 
phylocoagulase was prepared by precipitating 
48-hr. Staphylococcus aureus (stock strains) 
broth-culture filtrate (Berkefeld N), or centri- 
fugate, with 3 volumes of 95% ethyl alcohol, 
at 0°C. The method is essential!}' that by 
which Tillett and Garner® prepared “fibrin- 
olysin” {streptokinase^). The ability to 
obtain an active staphylocoagulase from 
simple broth culture filtrates confirms Smith 
and Hale^ and opposes Lominski,' whose 
results were negative unless plasma was added 
to the culture medium. A t}pical yield from 
850 cc broth culture filtrate approximates 
1.5 g of grayish-brown powder, completely 
soluble in 1% solution in our citrated borate 
buffer. The powder, stored in refrigerator 
(S^C) for 8 months, showed no loss of 
activity and its solutions were stable for as 
long as 10 days at room temperature. Reagents 
previously described:® 2, buff, (cit.): borate 
buffer (plus 0.4% sod. citrate; pH; 7.55), 
3. B.F.: (Armour’s) bovine plasma fraction- 
I (50% fibrinogen), 4. H.F.: (Hars'ard) 
human plasma fraction-I (35% fibrinogen),! 

5. PRO.: (Seegers’) purified bovine pro- 
thrombin. 

Additional reagents: 6. H.Pl.: human 


plasma, Xyovac’ dried (Sharp and Dohme), 
7. B.f.: bovine fibrinogen (Seegers®), S. 
Ac.G.; “accelerator globulin” from bovine 
plasma, courtesy Dr. fV. H. Seegers® (Wayne 
Univ.), 9. Factor V: (after Owren^®) pre- 
pared from dog plasma, 10. H.PI.G, and 

H. S.G.: human ‘globulin,’ fractionated bv 
50% sat. (NH4)2S0., from (a) H.Pl. (v. 6) 
and (b) serum from same after clotting with 
CaCl;, 11, H.PJ.A. and H.S.A.: human plasma 
(a) and serum (b) ‘albumin,’ fractionated 
from supernatants of abov'e at 100% sat. 
(NHj)2S0.i, 12. H.S.A, crj’St.: crystalline 
human serum albumin (Harvard Labs.),‘ 
13. tpln.: commercial thromboplastins — 

I. Difeo, II. hlaltine, prepared according to 
directions. 

Results. Table I describes staphylocoagulase 
tests with human plasma and the globulin 
and albumin fractions from plasma and serum. 
Bovine fraction-I (fibrinogen), plasma, and 
buffer (without STAPH.) do not dot (2) 
and B.F. has no activator substance (3), 
which must be supplied by the addition of 
plasma (1). The globulins from plasma (S) 
or serum (9) contain a weak thrombin, but 
the definite clotting improvement in the pres- 
ence of staphylocoagulase (4,8) indicates 
some activator substance also. Crude al- 
bumins from plasma (6) or serum (10) are 
the best single source of activator substance, 
and are not coagulant in the absence of 
staph 3 ’locoagu]ase (7,11). Further investiga- 
tion of these albumin fractions is currently 
being undertaken to yield more information 
on the staphylocoagulase mechanism. 

Table II lists other substances tested by 
the same means as in Table I, except for 


1 Smith, XV., and Hale, J. H., JBrit. J. Srp. Path., 
1944, So, 101. 

2 Gratia, A., C. P. Soc. Biol., 1919, 82, 1245, 1247, 


393. 

3 Gratia, A., ibid., 1920, S3, 5S4, 5S5, G49, 122J. 

4 Higdon, K. H., and Haj-nes, A., Ann. Surp., 
942, 110, 430. 

B Tillett, XV. S., and Garner, H. L., /. Exp. ItaL, 

933 58, 4S5; 1934,60, 239. 

T Tt Travis B. L.. and Gcrbeim, 
oPerguson, J. H., iraMs, x>. u . 

3 . B., Pboc. Soc. Exp. Bioi,. Axm -XIed., 194<, 64, 

*7 iindnski, I., -X'flturf, 1944, 154, 040. 


t The human plasma fractions used in this work 
were prepared from blood collected by the American 
Red Gross under a contract between the Office of 
Scientific Research and Dcvolopmcnt .and Harvard 
tTnivorsitj-, and .supplied through the courtesy of 
Drs. Cohn, Edsall, Alinot, and colleagues, 
s Ware, A. G., Guest, At. .XI., and Seegers, W. H., 
Arch. Biochetn., 1947, 13, 2,31. 

0 XVarc, A. G., Guest, -XI. M., and Seegers, XV. H., 
J. Biol. Chem.. 1947, 100. 2.31. 

loOwren, P. A., The Conpiihition nf Plood: In- 
resligations on a Xcir Clotting I'oclor (Oslo) 1947 
p. 327. ’ 
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TABLE I. 

Stapliylocoagttlasc Tests Tyitli Plasma and Serum Fractions. 


No. 

B.E. (1%) Buff, (cit.) Stapb.t 
(0.5 cc) (0.25 ce) (0.25 cc) 

Plasma 
fraction 
(0.5 ce) 

Clotting-times (min., at 39 °C)* 
1+ 2-h 3-f 4-i- 

1 




+ 

H.P1. 

21' 

78' — 

107' 

2 

■+ 

+ 


H.P1. 

No clotting 


3 

+ 

+ 

+ 

— 




4 



+ 

H.P1.G. 

13' 

•— 78' 

163' 

5 

+ 

-1- 


H.P1.G. 

40' 1 

[clot never complete) 

6 

+ 


+ 

H.P1.A. 

21' 

— 33' 

46' 

7 


-f 


H.P1.A. 

No clotting 


8 

+ 


O- 

H.S.G. 

— 

— 21' 

42' 

9 

+ 

+ 


H.S.G. 

— 

— 21' 

92' 

10 

4" 


-f 

H.S.A. 

— 



17' 

11 

4~ 

+ 

— 

H.S.A. 

No clotting 



i Staph.: Lot No. 5-6. 

* Degree of clotting expressed as follows: 

1+ : first appearance of weak clot ; 

2+: weak clot with considerahle liquid; 

Z + : good clot with a little liquid hut too soft to invert tube ; 
A-j-: solid clot, tube invertible. 



TABLE II. 

Tests for Activator Substance*' of Staphyloeoagulase. 


No. 

Material tested 
(0.5 cc) 

B.F. (193) 
(0.5 ce) 

stapb.t 
(0.25 cc) 

Clotting-times (39“C) 

1+ 4-1- 

1 

H.S.A., oryst. (l^e) 

+ 

+ 

No 

clotting (48 br) 

2 

PRO. (1%) 

+ 

JU 

ft 

f f j ) 

3 

Factor V (1%) 

-4- 

4 - 

>> 

W ft 

4 

Ac.G. (l^o) 

+ 

-t- 

f > 

ft if 

0 

H.F. (1%)» 

— 

+ 

20' 

40' 

6 

B.f. (193) • 

— 

-f 

40' 

overnight 

7 

tpln 1 (5%) 

+ 




240' 

S 

tpln.— n (2.593) 

4" 

-i- 

— 

-60' 


i Staph.: Lot No. 5-1. 

* Double volumes (1.0 ce) of H.F. or E.f. used, and B.P. omitted. 


substituting the respective material for the 
plasma fraction. The negative results -with 
(1) crystalline human serum albumin, (2) 
purified prothrombin, and the recently identi- 
fied globulin accelerators of prothrombin con- 
version (thrombic clotting), vis. (3) Owren’s 
factor V and (4) Seegers’ Ac.G., are note- 
worthj’. The impure fibrinogens (5,6), which 
contain some activator substance, should be 
compared, in this respect, with B.F. (Table 
I, 2,). With enough citrate in our test system 
to prevent possible thrombin formation (onty 


negligible traces of prothrombin occur in 
B.F.,*’ however), the evidence for accelerator 
substance in the thromboplastins (7,8) is 
interesting. 

Summary. The preparation and some prop- 
erties of a stable staphyloeoagulase are de- 
scribed, together with data to indicate that 
the “activator substance’’ which it needs in- 
order to coagulate fibrinogen can be pro- 
vided bj' certain plasma protein fractions,, 
particularly being associated with the al- 
bumins. 



528 


16146 
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S. F. Quan, L. E. Foster, A. Larson, ano K. F. Meyer. 

From the George 'iriMams Hooper Foundation. University of CaUfornia, Han Francisco, Caiif. 


In July, 1944, Dr. Selman A. Waksman 
invited a study of the therapeutic properties 
of streptomycin in P. pestis infections. Pre- 
liminarj^ tests with a one g sample of the 
crude antibiotic gave very promising results. 
Subsequently, larger lots of streptomr'cin w'ere 
obtained through the generositj'' of Dr. I. 

M. Carlisle, Merck and Co., Inc., Rahway, 

N. J., and in 1945 a confidential report of 
results was made to the Committee on Medical 
Research of the Office of Scientific Research 
and Development. Publication times for that 
report and later studies are indefinite, but 
the more significant results are summarized 
here. 

(1) Results obtained in vitro. 1,250 /xg/cc 
streptomycin in hormone broth kills 100 mil- 
lion virulent P. pestis (Shasta) in 15 min- 
utes. The same number of organisms are 
destroyed in 4, 12, 24, 48 and 120 hours, 
respectivel 3 '’, by 315 ^g/cc, 78 gg/cc, 39 
yg/cc, 20 yg/cc and 5 yg/cc. One hundred 
thousand organisms of a recently isolated 
human strain (Modoc) were killed by 0.2 
yg/cc, and an equal amount of the “Shasta” 
strain by 1.9 yg/cc in 72 hours. Amounts 
varying from 0.4 to 4.0 yg/cc proved bacter- 
icidal to 6 plague strains of Hawaiian, Egjqj- 
tian, Indian and Californian origin in 5 days. 
From 1 to 16 units/cc of dihydrostreptom)min 
are required to sterilize these strains in 5 
daj’S. Avirulent strains are more resistant: 
for e.xample, the E.\b76 plague bacillus 
(Girard )i is killed in the presence of 16 units- 
/cc/5 dai’S, strains 14 and 1122 (Jawetz and 
Meyer)- by 8 units/cc and t he T j iwidej 


by the Committee on 
ical Eese.-ircb, was done in part under .-i con- 
. between tbe Office of Scientific IteBcarcb .and 
aopment and tbe TJniversUy of Cabform.a. 
Sirard, SuU. office inf. d'hyy. 1.30, _8, 


and Meyer, J. Wcef. 


124 . 


strain (Otten)'"’ by 4 units/cc, while in the 
presence of 10^ blood serum, 40 units/cc 
were required to kill 10,000 virulent P. pestis 
“Yreka” in 48 hours. Other factors, such as 
the chemical composition and the pH of the 
suspending medium, the concentration of 
the antibiotic, and the age and density of 
the culture, influence the bactericidal ac- 
tivitj' of streptomycin on P. pestis. 5,000 
yg/cc in broth destroyed 22,000 million viru- 
lent P. pestis (Yreka)/cc, while the same 
concentration sterilized 33,000 million/cc in 
physiologic saline. Four virulent strains 
trained to resist streptomycin in the amount 
of 5,000 yg/cc were avinilent and resisted 
only 2,500 units/cc dihydrostreptom^'cin. 

(2) Effect on mice and guinea pigs injected 
subcutaneously. The relative sensitivity of 
P. pestis to streptomycin permits effective 
therapi’^ of experimental bubonic disease 
caused by 100 to 1,000 multiples of tbe 
M.L.D. in highly susceptible (ABC) mice. 
Treatment usually begins on the 48th hour 
after subcutaneous introduction of the bacilli, 
when infection is generalized, a bacteremia 
is well established in 40 to 60^ of the 
animals, and the immunity mechanism is 
partially damaged b\’^ toxins. Irrespective of 
dosage or frequency' of administration, sulfon- 
amides save an average of onlj' 35% of mice 
at this stage of infection. In 70 separate 
experiments, treating as many groups of 
20-50 mice with varj-ing amounts of strepto- 
mj'cin, advanced e.xperimental bubonic plague 
was completely' cured with 500 gg/S hours 
for 3 days, or a total of 12,000 yg (12.0 
mg). The median effective dose was 1,000 
to 1,250 yg for a 20 g mouse, or 50 to 62 
yg/g when one intraperitoneal injection was 
gh'cn on the 4Sth hour of infection. Bacterio- 
logical autopsies demonstrated that on the 
14th hour after injection of Oie antibiotic, 

3 Otten, Indian J. Med. Fes., 1P3G, 
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the spleens of 4 mice sacrificed were sterile; 
however, plague bacilli could be cultured 
from the heart blood of 2/4, the livers of 
3/4, and the lymph nodes of 4/4, Organs of 
control mice showed heavy growth of P. 
pcstis in cultures and microscopically. Begun 
on the 4Sth hour of infection, 100 ng of 
streptomycin injected at 6-hour intervals for 
192 hours, or 32 injections in all (a total of 
3.2 mg of streptomycin per mouse), always 
sterilize the blood stream, spleen and liver, 
but since the infection persists in the lymph 
nodes, about 40% of the animals ultimately 
succumb. The rate of survival in mice is 
directly proportional to the amount of strepto- 
nnxin administered. A large dose of anti- 
biotic at the outset of infection probably 
kills or injures the bacillus, inhibits its multi- 
plication and enhances receptivity to phago- 
cytosis, which effects its removal from the 
circulation. There is a possibility that the 
regional bubo, with its abundant necrotic 
tissue and large number of plague bacilli, is 
not immediately affected, and thus serves as 
a seed-bed for relapses and a continuous 
source of toxin when the immunity mechanism 
is not completelj'' mobilized. The larger the 
dose, the greater the possibility for strepto- 
mycin to diffuse into necrotic areas, and the 
shorter the course of therapy needed. In the 
mouse the greatest dose, or that determined by 
toxicity, is more than ten times the effective 
dose that was used in the treatment of plague 
infections. 

Bubonic plague infections which have pro- 
gressed to an extent comparable to 48-hour 
infections in mice occur in guinea pigs 120 
hours after subcutaneous injections of 1,000 
multiples of the JI.L.D. With a dose of 
streptomycin of 20,000 /igAg or approxi- 
mately 10 mg per day, a total of 100 mg 
over a period of 10 days, 80 to lOO^o of 
the 40 guinea pigs used in e.xperiments 
were cured. It requires less streptomycin 
to cure guinea pigs in a stage of mild 
septicemia than to cure mice, on the 
basis of units of antibiotic to grams of body 
weight. The administration of 25,000 to 
50.000 ftg/kg in 3 doses, or a daily injection 
of 37.500 to 75,000 /ig/500 g guinea pig of 


the early streptomycin preparations proved 
toxic, but recent lots of the antibiotic in the 
same doses are well tolerated. 

In the tests under consideration and those 
of Wayson and Mc^Iahon^ persistence of 
plague bacilli in regional buboes despite large 
doses of the antibiotic suggested local chemo- 
therapy. Guinea pigs with well-developed 
buboes on the 120th hour after subcutaneous 
administration of 100,000 P. pestis,. were in- 
jected around the local swelling with 12,500 
ng in 0.5 cc of physiologic saline at 12-hour 
intervals for 10 days. All were cured and 
plague lesions were sterilized. Sodium sulfa- 
merazine administered in the same manner in 
the amount of 500 mg/kg/12 hours rvas 
inhibitory but not bactericidal, and cured 
no more than 40% of the infected animals. 
Local injections of streptomycin proved very 
irritating, and even though buboes became 
rapidly sterile, the necrotic areas were much 
larger than those of controls or of animals 
treated systemically. 

(3) Effect oil septicemic plague in mice. 
To establish the maximum effectiveness of 
streptomycin, a rapidly progressive septicemic 
infection was produced in slightly-resistant 
Swiss mice b\' intraperitoneally injecting 
2,000 P. pcstis. Bacteremia and toxemia exist 
in such mice by the 9th-12th hour after in- 
fection, and death takes place in 34 to 72 
hours. In some respects, this infection model 
resembles the clinical form of human septi- 
cemic plague induced by direct blood stream 
infection through several fleabites. Repeated 
tests of the kind shown in Fig. 1 conclusively 
demonstrated that 2 to 3 large doses of 400 
to 800 jxg at 3-hour interrmls, or a total of 
1,200 to 1,600 [Lg, cured 80 to 90% of non- 
bubonic septicemic plague infections. Small 
doses merely delay death. If treatment is 
postponed until the ISth or 24th hour, 2 doses 
of 800 ng each cure only 25 to 45% of 
infected mice. Only early treatment with 
large doses of streptomycin cures septicemic 
plague in mice. Sulfadiazine and highly po- 
tent antiplague serum proved ineffective under 

■* W.iTson and McMahon, J. Lah. and Clin. MeJ 
191G, 31, 323. 
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In July, 1944, Dr, Selnian A. Waksman 
invited a study of the therapeutic properties 
of streptomycin in P. pesth infections. Pre- 
liminary tests with a one g sample of the 
crude antibiotic gave very promising results. 
Subsequently, larger lots of streptomj-cin were 
obtained through the generosity of Dr. I. 
M. Carlisle, Merck and Co., Inc., Rahway, 
A'. J., and in 1945 a confidential report of 
results was made to the Committee on Jledical 
Research of the Office of Scientific Research 
and Development. Publication times for that 
report and later studies are indefinite, but 
the more significant results are summarized 
here. 

(1) Results obtained in vitro. 1,250 pg/cc 
streptomycin in hormone broth kills 100 mil- 
lion virulent P. pestis (Shasta) in 15 min- 
utes. The same number of organisms are 


destroyed in 4, 12, 24, 48 and 120 hours, 
respectively, by 313 pg/cc, 78 pg/cc, 39 
' pg/cc, 20 pg/cc and 5 pg/cc. One hundred 
thousand organisms of a recently isolated 
human strain (Modoc) were killed by 0.2 
pg/cc, and an equal amount of the “Shasta” 
strain b}^ 1.9 ,ug/cc in 72 hours. Amounts 
varying from 0.4 to 4.0 pg/cc proved bacter- 
icidal to 6 plague strains of Hawaiian, Egv^p- 
tian, Indian and Californian origin in 5 days. 
From 1 to 16 units/cc of dihydrostreptomycin 
are required to sterilize these strains in 5 
days Avirulent strains are more resistant; 
for example, the E.V.76 plague bacillus 
(Girard)^ is killed in the presence of 16 units- 
/cc/S days, strains 14 and 1122 (Jawete and 
Meyer)= by 8 units/cc and the Tjiwidej 


by the Coi^ittee on 
. 1 u coorMi was done in part under a con- 
between 

'"ejawelr and Meyer, Infect- Fis., im, 73, 
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strain (Otten)® by 4 units/cc, while in the 
presence of 10% blood serum, 40 units/cc 
were required to kill 10,000 virulent P. peslk 
“Yreka” in 48 hours. Other factors, such as 
the chemical composition and the pH of the 
suspending medium, the concentration of 
the antibiotic, and the age and density of 
the culture, influence the bactericidal ac- 
tivity of streptomycin on P. pestis. 5,000 
pg/cc in broth destroyed 22,000 million viru- 
lent P. pestis (Yreka)/cc, while the same 
concentration sterilized 33,000 miUion/cc in 
physiologic saline. Four virulent strains 
trained to resist streptomycin in the amount 
of 5,000 pg/cc were avirulent and resisted 
only 2,500 units/cc dihj’drostreptomycin. 

(2) Efcct on mice and guinea pigs infected 
subcutaneously. The relative sensithdty of 
P. pestis to streptomycin permits effective 
therapy of e.\perimental bubonic disease 
caused by 100 to 1,000 multiples of the 
M.L.D. in highlj* susceptible (ABC) mice. 
Treatment usuaUy begins on the 4Sth hour 
after subcutaneous introduction of the bacilli, 
when infection is generalized, a bacteremia 
is well established in 40 to 60% of the 
animals, and the immunity mechanism is 
partiall}’' damaged by toxins. Irrespective of 
dosage or frequency of administration, sulfon- 
amides save an average of only 35% of mice 
at this stage of infection. In 70 separate 
experiments, treating as many groups of 
20-50 mice with varying amounts of strepto- 
mycin, advanced e.xperimental bubonic plague 
was completely cured with 500 pg/3 hours 
for 3 days, or a total of 12,000 pg (12.0 
mg). The median effective dose was 1,000 
to 1,250 pg for a 20 g mouse, or 50 to 62 
pg/g when one intraperitoneal injection was 
given on the 48th hour of infection. Bacterio- 
logical autopsies demonstrated that on the 
14th hour after injection of the antibiotic, 

3 Otten, Indian J. Med. Scs., 193G, Si, 73 , 
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the spleens of 4 mice sacrificed were sterile; 
however, plague bacilli could be cultured 
from the heart blood of 2/4, the livers of 
3/4, and the lymph nodes of 4/4. Organs of 
control mice showed heavy growth of P. 
pesiis in cultures and microscopically. Begun 
on the 48th hour of infection, 100 /ig of 
streptomycin injected at 6-hour intervals for 
192 hours, or 32 injections in all (a total of 
3.2 mg of streptomycin per mouse), always 
sterilize the blood stream, spleen and liver, 
but since the infection persists in the lymph 
nodes, about 40% of the animals ultimately 
succumb. The rate of survival in mice is 
directly proportional to the amount of strepto- 
mycin administered. A large dose of anti- 
biotic at the outset of infection probably 
kills or injures the bacillus, inhibits its multi- 
plication and enhances receptivity to phago- 
cytosis, which effects its removal from the 
circulation. There is a possibility that the 
regional bubo, with its abundant necrotic 
tissue and large number of plague bacilli, is 
not immediately affected, and thus serves as 
a seed-bed for relapses and a continuous 
source of toxin when the immunity mechanism 
is not completely mobilized. The larger the 
dose, the greater the possibility for strepto- 
mycin to diffuse into necrotic areas, and the 
shorter the course of therapy needed. In the 
mouse the greatest dose, or that determined by 
toxicity, is more than ten times the effective 
dose that was used in the treatment of plague 
infections. 

Bubonic plague infections which have pro- 
gressed to an extent comparable to 4S-hour 
infections in mice occur in guinea pigs 120 
hours after subcutaneous injections of 1,000 
multiples of the IM.L.D. With a dose of 
streptomycin of 20,000 or approxi- 

mately 10 mg per day, a total of 100 mg 
over a period of 10 days, 80 to 100% of 
the 40 guinea pigs used in experiments 
were cured. It requires less streptomycin 
to cure guinea pigs in a stage of mild 
septicemia than to cure mice, on the 
basis of units of antibiotic to grams of body 
weight. The administration of 25,000 to 
50,000 ;tg kg in 3 doses, or a daily injection 
of 37,500 to 75.000 (tg/SOO g guinea pig of 


the early streptomycin preparations proved 
toxic, but recent lots of the antibiotic in the 
same doses are well tolerated. 

In the tests under consideration and those 
of Wayson and McMahon^ persistence of 
plague bacilli in regional buboes despite large 
doses of the antibiotic suggested local chemo- 
therapy. Guinea pigs with well-developed 
buboes on the 120th hour after subcutaneous 
administration of 100,000 P. were in- 

jected around the local su'clling with 12,500 
fig in 0.5 cc of physiologic saline at 12-hour 
intervals for 10 days. All were cured and 
plague lesions were sterilized. Sodium sulfa- 
nierazine administered in the same manner in 
the amount of 500 mg/kg/12 hours was 
inhibitory but not bactericidal, and cured 
no more than 40% of the infected animals. 
Local injections of streptom 3 Tin proved ver\' 
irritating, and even though buboes became 
rapidly sterile, the necrotic areas were much 
larger than those of controls or of animals 
treated systemically. 

(3) Effect on septicemic plague in mice. 
To establish the maximum effectiveness of 
streptomycin, a rapidly progressive septicemic 
infection was produced in slightly-resistant 
Swiss mice by intraperitoneally injecting 
2,000 P. pcstis. Bacteremia and toxemia exist 
in such mice by the 9th- 1 2th hour after in- 
fection, and death takes place in 34 to 72 
hours. In some respects, this infection model 
resembles the clinical form of human septi- 
cemic plague induced by direct blood stream 
infection through several fleabites. Repeated 
tests of the kind shown in Fig. 1 conclusively 
demonstrated that 2 to 3 large doses of 400 
to 800 fig at 3-hour intervals, or a total of 
1,200 to 1,600 fig, cured 80 to 90% of non- 
bubonic septicemic plague infections. Small 
doses merely delay death. If treatment is 
postponed until the I8th or 24th hour, 2 doses 
of 800 fig each cure only 25 to 45% of 
infected mice. Onlj' earh' treatment with 
large doses of streptomycin cures septicemic 
plague in mice. Sulfadiazine and highly po- 
tent antiplague serum proved ineffective under 

■» Vr.ayson nnd McM.ahon, J. Lah. and Clin, tiled 
194G, 31, 323. 
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Ill July, 1944, Dr. Selman A. Waksman 
invited a study of the therapeutic properties 
of streptomycin in P. pestis infections. Pre- 
liminary tests with a one g sample of the 
crude antibiotic gave very promising results. 
Subsequentlj% larger lots of streptomycin were 
obtained through the generosity of Dr. I. 

M. Carlisle, Merck and Co., Inc., Rahway, 

N. J., and in 1945 a confidential report of 
results was made to the Committee on Medical 
Research of the Office of Scientific Research 
and Development. Publication times for that 
report and later studies are indefinite, but 
the more significant results are summarized 
here. 

(1) Results obtained in vitro. 1,250 /ig/cc 
streptomycin in hormone broth kills 100 mil- 
lion virulent P. pestis (Shasta) in 15 min- 
utes. The same number of organisms are 


destroyed in 4, 12, 24, 48 and 120 hours, 
respectively, by 313 g-g/cc, 78 gg/cc, 39 
p.g/cc, 20 gg/cc and 5 gg/cc. One hundred 
thousand organisms of a recently isolated 
human strain (Modoc) were killed by 0.2 
gg/cc, and an equal amount of the “Shasta” 
strain by 1.9 gg/cc in 72 hours. Amounts 
varying from 0.4 to 4.0 gg/cc proved bacter- 
icidal to 6 plague strains of Hawaiian, Egyp- 
tian, Indian and Californian origin in 5 days. 
From 1 to 16 units/cc of dihydrostreptomycin 
are required to sterilize these strains in 5 
daj^s Avirulent strains are more resistant: 
for example, the E.V.76 plague bacillus 
(Girard) 1 is killed in the presence of 16 units- 
/cc/S days, strains 14 and 1122 (Jawe^ and 
lileyer)- by 8 units/cc and the Tjiwidej 


by the Committee on 
Ucal Besearch, was done in part under a con- 


Strain (Otten)"’ by 4 units/cc, while in the 
presence of 10% blood serum, 40 units/cc 
were required to kill 10,000 virulent P. pestis 
“Yreka” in 48 hours. Other factors, such as 
the chemical composition and the pH of the 
suspending medium, the concentration of 
the antibiotic, and the age and density of 
the culture, influence the bactericidal ac- 
tivity of streptomycin on P. pestis. 5,000 
gg/cc in broth destroyed 22,000 million viru- 
lent P. pestis (Yreka)/cc, while the same 
concentration sterilized 33,000 million/cc in 
physiologic saline. Four virulent strains 
trained to resist streptomycin in the amount 
of 5,000 gg/cc were avirulent and resisted 
only 2,500 units/cc dihydrostreptomycin. 

(2) Effect on mice and guinea pigs injected 
subcutaneously. The relative sensitivity of 
P. pestis to streptomycin permits effective 
therapy of e.xperimental bubonic disease 
caused by 100 to 1,000 multiples of the 
M.L.D. in highly susceptible (ABC) mice. 
Treatment usually begins on the 48th hour 
after subcutaneous introduction of the bacilli, 
when infection is generalized, a bacteremia 
is well established in 40 to 60% of the 
animals, and the immunity mechanism is 
partially damaged by toxins. Irrespective of 
dosage or frequency of administration, sulfon- 
amides save an average of only 35% of mice 
at this stage of infection. In 70 separate 
experiments, treating as many groups of 
20-50 mice with varying amounts of strepto- 
mycin, advanced e.xperimental bubonic plague 
was completely cured with 500 gg/Z hours 
for 3 days, or a total of 12,000 gg (12.0 
mg). The median effective dose was 1,000 
to 1,250 /ig for a 20 g mouse, or 50 to 62 
gg/g when one intraperitoneal injection was 
given on the 48th hour of infection. Bacterio- 
logical autopsies demonstrated that on the 
14th hour after injection of the antibiotic. 


124 . 


3 Otten, Indian J. Med. Scs., 1930, 34, 73 . 
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the spleens of 4 mice sacrificed were sterile: 
however, plague bacilli could be cultured 
from the heart blood of 2/4, the livers of 
5/4, and the lymph nodes of 4/4. Organs of 
control mice showed heavy growth of P. 
pcslis in cultures and microscopically. Begun 
on the 4Sth hour of infection, 100 /tg of 
streptomycin injected at 6-hour intervals for 
192 hours, or 32 injections in all (a total of 
3.2 mg of streptomycin per mouse), alwajrs 
sterilize the blood stream, spleen and liver, 
but since the infection persists in the lymph 
nodes, about 40% of the animals ultimateh- 
succumb. The rate of survival in mice is 
directly proportional to the amount of strepto- 
mj'cin administered. large dose of anti- 
biotic at the outset of infection probably 
kills or injures the bacillus, inhibits its multi- 
plication and enhances receptivitr^ to phago- 
cytosis, which effects its removal from the 
circulation. There is a possibility that the 
regional bubo, with its abundant necrotic 
tissue and large number of plague bacilli, is 
not immediately affected, and thus sen'es as 
a seed-bed for relapses and a continuous 
source of to.vin when the immunity mechanism 
is not completely mobilized. The larger the 
dose, the greater the possibility for strepto- 
mycin to diffuse into necrotic areas, and the 
shorter the course of therapy needed. In the 
mouse the greatest dose, or that determined by 
to.vicity, is more than ten times the effective 
dose that was used in the treatment of plague 
infections. 

Bubonic plague infections which have pro- 
gressed to an e.xtent comparable to 4S-hour 
infections in mice occur in guinea pigs 120 
hours after subcutaneous injections of 1,000 
multiples of the M.L.D. With a dose of 
streptomycin of 20,000 ftgAg or approxi- 
mately 10 mg per day, a total of 100 mg 
over a period of 10 days, 80 to 100% of 
the 40 guinea pigs used in experiments 
were cured. It requires less streptomt'cin 
to cure guinea pigs in a stage of mild 
septicemia than to cure mice, on the 
basis of units of antibiotic to grams of bodj- 
weight. The administration of 25,000 to 
50.000 ng kg in 3 doses, or a daih' injection 
of 37.500 to 75.000 /tg/500 g suinea pig of 


the early streptomycin preparations proved 
toxic, but recent lots of the antibiotic in the 
same doses are well tolerated. 

In the tests under consideration and those 
of Wayson and McJIahon^ persistence of 
plague bacilli in regional buboes despite large 
doses of the antibiotic suggested local chemo- 
therap}'. Guinea pigs with well-developed 
buboes on the 120th hour after subcutaneous 
administration of 100,000 P. pcstis,. were in- 
jected around the local swelling with 12,500 
fig in 0.5 cc of ph 3 ’sio]ogic saline at 12-hour 
intervals for 10 days. .All were cured and 
plague lesions were sterilized. Sodium sulfa- 
merazine administered in the same manner in 
the amount of 500 mg/kg/12 hours was 
inhibitori' but not bactericidal, and cured 
no more than 40% of the infected animals. 
Local injections of streptomjxin proved verj' 
irritating, and even though buboes became 
rapidly sterile, the necrotic areas were much 
larger than those of controls or of animals 
treated s\-stemically. 

(3) Effect oil septicemic plague in mice. 
To establish the maximum effectiveness of 
streptomycin, a rapidly progressive septicemic 
infection was produced in slighth'-resistant 
Swiss mice by inlraperitoneally injecting 
2,000 P. pcstis. Bacteremia and to.xemia exist 
in such mice bj- the 9th-12th hour after in- 
fection, and death takes place in 34 to 72 
hours. In some respects, this infection model 
resembles the clinical form of human septi- 
cemic plague induced by direct blood stream 
infection through several fleabites. Repeated 
tests of the kind shown in Fig. 1 conclusiveK* 
demonstrated that 2 to 3 large doses of 400 
to SOO fig at 3 -hour intervals, or a total of 
1,200 to 1,600 fig, cured 80 to 90% of non- 
bubonic septicemic plague infections. Small 
doses merely delay death. If treatment is 
postponed until the ISth or 24th hour, 2 doses 
of 800 fig each cure only 25 to 45% of 
infected mice. Only early treatment with 
large doses of streptomycin cures septicemic 
plague in mice. Sulfadiazine and highly po- 
tent antiplague serum proved ineffective under 

I VTayson nnd McM.alion, J. Zah. and Clin. Med. 
194G, 31, 32S. 
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STREPTOMYCIN IN THE THERAPY OF THE 36 - HOUR 
INTRANASAL PLAGUE 



dentical experimental conditions. There is at 
)resent no evidence that sulfonamides syn- 
-rgistically enhance the remedial action of 
treptomycin. On the other hand, numerous 
Experiments furnished data that potent anti- 
olamie serum administered simultaneously 
ivith small doses of streptomycin increased the 
percentage of cures. Finally, active immuniza- 
tion with plague antigens potentiates the ac- 


tion of streptomycin both in mice and in 
guinea pigs and the partial immunity so gained 
allows use of smaller doses of streptomycin. 

(4) E^ect on pneumonic plague in mice. 
Pneumonic plague infections may be pro- 
duced in mice by intranasal instillation of 
2,500-5,000 P. pestis in 0.05 cc of saline; 
the lobular lesions recognizable on the 36th 
hour after infection contain several million 
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plague bacilli. As might be expected, 200 to 
400 fig of streptoni 3 'cin hj'drochloride or sul- 
fate, given everjf 6 hours, effectivelj'^ cure 90 
to 95% of the infections. Smaller doses or 
delayed treatment reduces the chance for 
cures (Fig. 2). Sulfadiazine in combination 
with antiplague serum is less effective than 
streptomycin (Fig. 3). The remarkable bac- 
tericidal action of streptomycin is fulty docu- 
mented bj’’ periodic bacteriological autopsies 
of treated and untreated mice (Fig. 4). Six 
hours after treatment with 200 fig had begun, 
the number of plague bacilli found in the 
lungs of the treated mice was reduced to 
approximately 60,000, while in untreated 
animals it had advanced to 10,000,000. By 
the 12th to 24th hours of treatment, the 
spleen became sterile and 5000 or less or- 
ganisms were counted in the lungs. By the 
96th hour after infection, when all un- 
treated mice had died, the lungs and bronch- 
ial lymph nodes of treated mice were either 
sterile or contained onlj'^ a few thousand 
plague bacilli in the abscess-like patches of 
pneumonia. No plague bacilli have been iso- 
lated from lungs or lymph nodes 100 hours 
after treatment with streptomycin. These 
results fullj^ attest to the remarkable thera- 
peutic efficacy of a total of 5 mg of strepto- 
m 3 min in experimental plague of mice. The 3 ' 
Ju 5 tif 3 ’- an expectation that it will be equally 
effective in human pneumonic plague if ad- 
ministered early and in adequate dosage. 

(5) Suggested schcdidc oj treatment in 
human plague. Streptomycin is the most ef- 


fective therapeutic agent thus far discovered 
for the treatment of bubonic, septicemic and 
pneumonic e.xperimental plague infections in 
mice and guinea pigs. It is recommended that 
human plague be treated as soon as diagnosed 
with daily doses of 2 g of streptomycin in 
bubonic plague, and 4 to 6 g in the septicemic 
and pneumonic diseases; injections should 
be given at 4-6 hour intervals for the first 2 
da 3 's. The dose ma 3 ’' then be reduced, but in 
order to prevent clinical recurrences treat- 
ment should be continued for at least S dav'S 
on a one g level or substituted with adequate 
sulfadiazine therapy. In profound toxemia, 
simultaneous administration of a potent anti- 
plague serum, to assist the immunity mech- 
anism, may prove beneficial. 

Summary. Streptomycin in the amounts of 
0.4 to 4.0 fig/cc is bactericidal for different 
strains of P. pcstis in 5 days. Advanced ex- 
perimental bubonic plague in mice is com- 
plete! 3 ’ cured .with 500 /ng/3 hours for 3 da 3 ’s, 
or a total of 120 mg. Between SO to 90% 
of the mice in a state of septicemic plague 
ma 3 ' be saved with a total of 1,200 to 1,600 
fig. The remarkable bactericidal action of 
streptomycin is best demonstrated on e.xperi- 
mental pneumonic plague; 5 mg of the anti- 
biotic sterilize lungs and lymph nodes within 
100 hours after treatment has been instituted. 
It is recommended that human plague be 
treated as soon as diagnosed with 2 to 4 g 
of streptonymin dail 3 ’’ depending on the state 
of infection. 
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Distribution of P®- in Incubated Egg.* 

Frank J. Dixon. (Introduced by Shields Warren.) 

JVrom tlic Laltoratory of PathoJogy of the Harvard Cancer Commission, 
Harvard Medical School, Boston 


As nart of our observations of incubated 
5s injected withP ^ traced the course 
( "Work done under contract from OfSco of Naval 


Eesearcli. 


of the isotope within the components of the 
egg throughout the incubation period. The 
phosphate content of a hen’s egg of this size 
is approximated 220 mg^ and the amount 
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of phosphate injected in this procedure was 
3.5 mg. 

Materials. Eggs — White Leghorns average 
weight 60 g incubated at 38°C with 70-80% 
relative humidity. P”" as KH2PO4 — a 10% 
solution of the salt in H2O was used for in- 
jection. The P"- was supplied as KH2P04 
by Clinton Laboratories, U. S. Government, 
Oak Ridge. Tenn. 

Procedure. Appro.ximately 0.05 cc of 10% 
KH2PO4 solution containing 20 ,uc per 0.05 
cc was injected into the yolks of fertile 
eggs on the 5th day of incubation. One or 2 
of these eggs were anal3^sed dailj^ during the 
remaining 15 days of incubation to determine 
the location and chemical combination of their 
P"-. 

The analj'sis consisted of first separating 
the embri’o. allantoic and amniotic fluid, jmlk, 
albumen, and shell. Because of technical 
difficulties the allantoic and amniotic fluids 
were used together and not separated. The 
fluids were measured with a pipette or a tu- 
berculin syringe and estimated to the nearest 
0.5 cc. Greater accuracy^ in determination of 
these fluid volumes was not possible because 
of some mi.sing of the fluids during separation. 
The embrj'o and shell were weighed. Second, 
the radioactivity^ of these various components 
was measured with a Geiger counter. In order 
to avoid any errors due to selfabsorption, the 
embryos were completely ashed before meas- 
urement; the shells were dissolved in HCl 
and an aliquot of this solution was used for 
measurement. Third, in the eggs from the 6th 
to the 1 4th day of incubation each of the 
three fluid components was divided into ether 
extract, trichloracetic acid precipitate, and 
water soluble fraction after precipitation 
with trichloracetic acid. This was done 
by mixing 2 cc of the fluid sample with 
8 cc of H2O and extracting with ether 
for 15 minutes. To the H2O soluble fraction 
was added 5 cc of 20% trichloracetic acid. 
Tliis was filtered. .'Xfter evaporation the activ- 
ity of each of these fractions was measured. 

Results. Complete results are listed on the 
accompanying table. Within 24 hours after 

1 Needham, J., Chemical Emhryoloffi/, Vol, U, 
p. 1109, Cambridge UniTcrsity Press, I/ondon, 2931. 


injection into the yolk, of the had 
left the yolk and was found principally in the 
allantois and amnion, .^fter the first day, 
the balance of labeled phosphate in the yolk 
remained constant for 4 or 5 day^s and then 
gradually diminished in amount until at 
hatching time about 5% remained in the yolk. 
During this period the volume of yolk had 
diminished to about half of its original 
volume. 

Within 24 hours after injection, more than 
Yz of the P^- was in the allantoic and am- 
niotic fluids. Subsequently, the amount of 
radioisotope in these fluids decreased in 
proportion to the uptake by the embryo, until 
at hatching time they' contained only 3-4%. 
The volume of these fluids was constant 
until the last 4 day's of incubation when it 
decreased rapidly'. 

The embryo’s content of P^- increased 
nearly in proportion to its gain in weight. 
Shortly after injection its concentration was 
about 1.5 /jic/g of embryo, and this ratio was 
maintained until the last 6 days when the 
concentration was closer to one wc/g of 
embryo. At hatching time the embry’o con- 
tained about 90% of the P®- and made up 
a little more than j/4 the total weight of the 
egg- 

The albumen never contained more than 
3% of the injected radio-isotope. As incuba- 
tion continued, the drop in P^- more or less 
paralleled the decrease in volume of albumen. 

The shell and its membrane contained only' 
1% of the P"- throughout incubation. This 
small amount of activity lies within the ex- 
perimental error because of the obvious dif- 
ficulty of separating shell from all fluid con- 
tents. 

Thus it is apparent that within 21 hours 
following injection, a shift of P®- from yolk 
to allantois and amnion takes place. As the 
embryo grows, its rate of uptake of the phos- 
phate from allantois and amnion is much 
greater than from the yolk. 

In addition to the above analysis we deter- 
mined for each fluid constituent the amount 
of P^- contained in the H2O soluble fraction, 
the ether soluble fraction and the protein 
precipitate. The distribution of P*^ within 
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TABLE I. 

Distribution of P32 in Incubated Eggs. 

(Approximately 5 mg KH 2 PO 4 containing 20;^c Paa injected into yoik 5th day, of incub.itioii.) 



Embryo 

Allantois and amnion 

Yolk 

Albumen 

Shell and 
membrane. 
% of total 
activity 

Age of 
egg 

Wt 

ing 

% of total 
activity 

Volume 
in cc 

% of totalVolume 
activity in ce 

% of total 
activity 

K* 

irolnme 
or wt 

% of total 
activity 

e 

0.4 

3 

13.5 

04 

20 

29 

17 ce 

2 

0 

7 

0.8 

6 

14 

52 

20 

37 

14 ” 

0 

1 

8 

1.4 

10 

13 

53 

22 

36 

12 

1 

1 

9 

2.2 

IS 

15 

50 

21 

29 

11 ” 

3 

1 

10 

11 

3.1 

28 

11 

29 

26 

39 

10 ” 

3 

1 

13 

5.S 

58 

14 

21 

14 

19 

S " 

1 

1 

13 

8.1 

Go 

lO.o 

13 

16 

W 

11.5 ” 

3 

1 

14 

9.3 

71 

13 

IS 

20 

17 

7 ” 

.7 

1 

15 

13.3 

73 

13.5 

13 

14 

13 

5 ” 

.8 

• 1 

16 

1G.9 

73 

11 

16 

14 

7 

3 ” 

.6 

1 

17 

18 

IS.l 

76 

6.5 

17 

14 

7 

1 g 


,S 

19 

25.5 

93 

3 

3 

14 

4 

1 ” 

.3 

.3 

20 

27.4 

90 

7 

4 

9 

0 

.5 ” 

.4 

.0 


these various fractions was relatively constant 
throughout our period of observation from 
the 6th to the 14th day of incubation. Ninety 
per cent of the P^- in the allantoic and am- 
niotic fluids was found in the H2O soluble 
fraction, 9.4% in the trichloracetic acid pre- 
cipitate and 0.6% in the ether soluble extract. 

In the yolk nearly all of the activity was in 
the H2O soluble fraction, only 1.1% was 
found in the ether extract. 

In the albumen 80% of activit}^ was found 
in H2O soluble fraction and 20% in tri- 
chloracetic acid precipitate. 

Summary. The radioactive isotope P^- was 


used as a tracer to follow the course of phos- 
phorus combined' as KH2PO4 and injected 
into the yolks of incubating eggs. The dis- 
tribution of P^" within the various components 
of the eggs was determined daily throughout 
incubation. The distribution in ether soluble, 
water soluble, and trichloracetic acid pre- 
cipitable fractions was determined for the 
fluid components of the eggs from the 6th 
to the 14th day of incubation. From the 6th 
day of incubation to the day of hatching, the 
P’- in the embryo increased from 3% to 
90%. 
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Changes in Plasma Inorganic Phosphorus of Dogs Under Postural 

Restraint.* 

John G. CoNiGLio.t (Introduced by C. S. Robinson.) 

Form the Department of Diochemistry, TandcfbiU University, Schools of Medicine 
and Nursing, Nashville, Tenn. 


During the course of some routine experi- 
-TUrrZrT^ant Hairersity, 

author wishes to express.bis mdebtetoess 
and criticism. 


meats the obserr^ation was made that, in 
unanesthetized dogs restrained in the supine 
position, the inorganic phosphorus concentra- 
tion of whole blood and of plasma decreased 
to a low value of 30-60% of the original 
amount in 2 hours, after which it increased, 
in some instances attaining a level about 



Phosphorus Changes in Dog Plasma 


535 


TABLE I. 


Average Plasma Iiiorgaiue Pliospliorus Valaes in Dogs Bestraiiied in tlie Supine Position. 


Duration of 
restraint 
(min.) 


Dogl 
(4 exp.) 


Mean of 4 dogs 
(17 exp.) 

Mean of all sanijiles 

'm 

S 

a' 

il 

A 

' M 

S 

A 

0-9 

4.30 

0.34 

100. 

4.05 

100. 

4.07 

1.10 

100. 

10-29 

3.51 

0.30 

81. 

3.52 

87. 

3.45 

0.94 

S5. 

30-39 

2.38 

0.35 

55. 

3.45 

So. 

2.58 

0.62 

63. 

00-119 

2.20 

0.55 

62. 

2.23 

01. 

2.22 

0.80 

00. 

120-239 

2.55 

0.94 

58. 

2.40 

67. 

2.23 

1.20 

00. 


M Mean values in mg %. 


S Standard deviation; S equals — M)2 

n — 1 

A Per cent of initial concentration. 


equal to the original value. 

Blood phosphate changes in normal animals 
have frequentl}’^ been observed upon admin- 
istration of substances such as insulin or 
epinephrine^’- or upon the ingestion of glu- 
cose,® but we have found in the literature 
no report of changes in blood phosphate in 
animals which, other than being restrained on 
their backs, were allowed to remain under 
normal conditions. 

In view of these facts and since the phos- 
phate changes we had observed were so 
marked and consistent, we investigated fur- 
ther the occurrence of this phenomenon under 
two different conditions of postural restraint; 
first, that in which the animals were tied in 
the supine position for 2 to 4 hours and 
second, that in which thejr stood in a Pavlov 
stock for the same period of time. 

Methods. In the first group of experiments 
blood samples were drawn Jfrom the femoral 
vein immediately after the dogs were laid on 
the table and again at 30, 60, 120, and 240 
minutes later. In the second group the ani- 
mals were placed in a Pavlov stock after a 
“control” blood sample was taken. 

Inunediately after being drawn the blood 
was delivered into cold centrifuge tubes con- 
taining dried sodium oxalate and surrounded 

1 Perlzvrcig, W. A., Latham, Emily, and Keefer, 
G. S., Peoc. Soc. Exp. Biol, and Med., 1923, 
21, 33. 

- Harrop, George A., Jr., and Benedict, E. XL, 
ibid., 1923, 20, 430. 

SHarrop, George A., Jr., and Benedict, E. M., 
d. Biot. Cbcm., 1924, 59, 6S3. 


b}’’ crushed ice, centrifuged, and the plasma 
kept chilled until the inorganic phosphorus 
analysis was completed. 

Inorganic phosphorus was determined by 
the method of Lowry and Lopez^ on the ice- 
cold trichloracetic acid filtrate of the chilled 
plasma. Total phosphorus, acid soluble phos- 
phorus, and lipid phosphorus, (after e.xtrac- 
tion udth alcohol-ether mixture) all were 
evaluated after sulfuric-nitric acid digesti-on 
(2.5 ml of 5 N sulfuric acid and 3 drops of 
concentrated nitric acid) by addition of 2 ml 
of 2.5^ ammonium mol 3 fbdate solution and 
3 ml of Ifo fresh ascorbic acid solution. 
E.xactlj' 20 minutes after addition of the 
ascorbic acid the developed color was meas- 
ured in a Klett-Summerson photoelectric 
colorimeter, using filter No. 66. Blanks and 
standards were alwaj^s done parallel to un- 
knois’ns and duplicate samples were analyzed 
whenever possible. 

Plasma glucose was estimated by a modi- 
fication of the Somogj'i method reported by 
Nelson.® 

Rcsidts and Discussion. ^.larked decreases 
in plasma inorganic phosphate averaging 52% 
of the initial level were observed in all but 
one of a total of 17 e.xperiments done on 4 
dogs in the first group. Table I shows the 
mean values of all 17 e.\-periments as well as 
average results of 4 e.xperiments done on Dog 
1 as a representative example. The mean of 

4 Lowry, Oliver H., and Lopez, Jeanne A., ibiU, 
1946, 102, 421. 

c Nelson, Norton, ibid., 1944, 153, 375. 
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TABLE I, 

Distribution of B32 in Incubated Eggs. 

(Approximately o nig containing SO^tc P3g injected into 3 -olk 5th day of ineub.atioii.) 



Embryo 

Allantois and amnion 

Yolk 

Albumen 

Shell and 

Age of 
egg 

•wt 

ing 

% of total 
activity 

Volumo 

ijicc 

% of total Volume 
activity in cc 

% of total 
activity 

Volume 
or ivt 

% of total 
activity 

% of total 
actirity 

6 

0.4 

3 

13.5 

04 

20 

29 

17 ec 

O 

0 

7 

O.S 

6 

14 

52 

20 

37 

14 ” 

• O 

1 

s 

1.4 

10 

13 

53 

22 

36 

If! 

1 

1 

9 

2.2 

IS 

15 

50 

21 

29 

11 " 

3 

1 

10 

3.1 

28 

11 

29 

26 

39 

10 " 


1 

11 

12 

5.S 

58 

14 

21 

14 

19 

8 ” 

1 • 

1 

13 

8.1 

63 

10.5 

12 

16 

19 

11.5 ” 

3 

1 

11 

9.3 

71 

13 

12 

20 

17 

7 ” 

.7 

1 

15 

13.3 

73 

13.5 

13 

14 

12 

5 ” 

.8 

1 

16 

16.9 

73 

11 

16 

14 

7 

3 ” 

.6 

1 

17 

18.1 

76 

6.5 

17 

14 

7 

1 s 


.s 

IS 

19 

25.5 

93 

3 

3 

14 

4 

1 ” 

.3 

.3 

20 

27.4 

90 

7 

4 

9 

5 

.5 " 

.4 

.6 


these various fractions was relatively constant 
throughout our period of observation from 
the 6th to the 14th day of incubation. Ninety 
per cent of the P-’- in tlie allantoic and am- 
niotic fluids was found in the HaO soluble 
fraction, 9.4% in the trichloracetic acid pre- 
cipitate and 0.6% in the ether soluble extract. 

In the yolk nearly all of the activity was in 
the HsO soluble fraction, only 1.1% was 
found in the ether extract. 

In the albumen 80% of activity was found 
in HaO soluble fraction and 20% in tri- 
chloracetic acid precipitate. 

Summary. The radioactive isotope P^- was 


used as a tracer to follow the course of phos- 
phorus combined as KHaPO^ and injected 
into the yolks of incubating eggs. The dis- 
tribution of P®- within the various components 
of the eggs was determined daily throughout 
incubation. The distribution in ether soluble, 
water soluble, and trichloracetic acid pre- 
cipitable fractions was determined for the 
fluid components of the eggs from the 6th 
to the I4th day of incubation. From the 6th 
day of incubation to the day of hatching, the 
P’’- in the embryo increased from 3% to 
90%. 
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During the course of some routine e.xperi- 
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meats the observation was made that, in 
unanesthetized dogs restrained in the supine 
jX)sition, the inorganic phosphorus concentra- 
tion of whole blood and of plasma decreased 
to a low value of 30-60% of the original 
amount in 2 hours, after which it increased, 
in some instances attaining a level about 
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TABLE I. 


Arcragc Plasma Inorganic Pliospliorus Values in Dogs Bestrained in the Supine Position. 


Duration of 
restraint 
(min.) 


Dogl 
(4 exp.) 


3Iean of 4 dogs 
(17 exp.) 

3Iean of all samples 

31 

S 

a’ 

'31 

A 

31 

S 

A 

0-9 

4.36 

0.34 

100. 

4,05 

100. 

4.07 

1.10 

100. 

10-29 

3.51 

0.30 

81. 

3.52 

87. 

3.45 

0.94 

85. 

30-59 

2.38 

0,35 

55. 

3.45 

S5. 

2.58 

0.62 

63. 

60-119 

2.26 

0.55 

52. 

2.23 

61. 

2.22 

0.80 

00. 

120-239 

2.55 

0.94 

58. 

2.46 

67, 

2.23 

1.20 

00. 


31 ilean values in mg %. 


S Standard deviation; S equals — 31)2 

n — 1 

A Per cent of initial concentration. 


equal to the original value. 

Blood phosphate changes in normal animals 
have frequently been observed upon admin- 
istration of substances such as insulin or 
epinephrine^'- or upon the ingestion of glu- 
cose,® but we have found in the literature 
no report of changes in blood phosphate in 
animals which, other than being restrained on 
their backs, were allowed to remain under 
normal conditions. 

In view of these facts and since the phos- 
phate changes we had observed were so 
marked and consistent, we investigated fur- 
ther the occurrence of this phenomenon under 
two different conditions of postural restraint: 
first, that in which the animals were tied in 
the supine position for 2 to 4 hours and 
second, that in which they stood in a Pavlov 
stock for the same period of time. 

Methods. In the first group of e.vperiments 
blood samples were drawn Jrom the femoral 
vein immediateh"- after the dogs were laid on 
the table and again at 30, 60, 120, and 240 
minutes later. In the second group the ani- 
mals were placed in a Pavlov stock after a 
“control” blood sample was taken. 

Immediately after being drawn the blood 
was delivered into cold centrifuge tubes con- 
taining dried sodium oxalate and surrounded 

1 PcrlzTveig, VT. A., Latliam, Emily, and Keefer, 
C. S., Psoc. Soc. Exp. Biol, axd 3Ied., 1923, 
21, 33. 

2 Harrop, George A., Jr., and Benedict, E. 31., 
ibid., 1923, 20, 430. 

3 Harrop, George A., Jr., and Benedict, E. 31., 
J. Bfor. Chem., 1924, 59, GS3. 


b)'’ crushed ice, centrifuged, and the plasma 
kept chilled until the inorganic phosphorus 
analysis was completed. 

Inorganic phosphorus was deteimined by 
the method of Lowiy- and Lopez* on the ice- 
cold trichloracetic acid filtrate of the chilled 
plasma. Total phosphorus, acid soluble phos- 
phorus, and lipid phosphorus, (after extrac- 
tion with alcohol-ether mixture) all were 
evaluated after sulfuric-nitric acid digestion 
(2.5 ml of 5 N sulfuric acid and 3 drops of 
concentrated nitric add) by addition of 2 ml 
of 2.5% ammonium molybdate solution and 
3 ml of 1% fresh ascorbic acid solution. 
Exactly 20 minutes after addition of the 
ascorbic acid the developed color was meas- 
ured in a Klett-Summerson photoelectric 
colorimeter, using filter No. 66. Blanks and 
standards were always done parallel to un- 
knomis and duplicate samples were analyzed 
whenever possible. 

Plasma glucose was estimated by a modi- 
fication of the Somogj'i method reported by 
Nelson,® 

Results and Discussion. IMarked decreases 
in plasma inorganic phosphate averaging 52% 
of the initial level were observed in all but 
one of a total of 17 e.xperiments done on 4 
dogs in the first group. Table I shows the 
mean values of all 17 e.\-periments as well as 
average results of 4 e.xperiments done on Dog 
1 as a representative example. The mean of 

4 Lowry, Oliver H., and Lopez, Jeanne A., ibid., 
1946, 102, 421. 

5 Nelson, Norton, ibid., 1944, 153, 375. 
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TABLE n. 

Plasma Phosphorus Fractions and Glucose Content, D og i, Exp, 17. 

Phospliorns 

Duration of (mg %) % of initial cone, 

restraint .. , Glucose , 


(min.) 

TP 

LP 

TASP 

IP 

(mg %) 

IP 

Glucose 

0- 

0-9 

14.9 

14.5 

11.1 

11.3 

3.28 

3.34 

3.04 

3.18 

98.4 

107. 

100. 

100. 

10-29 

— 

— 

— 

— 

— 

— 

— 

30-59 

13.8 

11.3 

2.76 

2.68 

107. 

84. 

100. 

60-119 

12.5 

11.1 

0.93 

0.97 

Ids. 

31. 

151. 

120-239 

12.3 

11.1 

1.24 

1.04 

158. 

33. 

151. 


* This blood taken 60 minutes prior to restraining the dog. 
TP Total Phosphorus. 

LP Lipid Phosphorus. 

TASP Total Acid Soluble Phosphorus. 

IP Inorganic Phosphorus. 


TABLE III. 


Plasma Inorganic Phosphorus Concentration of Dogs Sestrained in a Stock. 


Duration of 
restraint 
(min.) 

Inorganic Phosphorus 
(mg %) 

% of initial cone. 

Dog 3 

Mean of 4 dogs 

0 

4.76 

4.64 

100. 

1-29 

4.28 

4.08 

88. 

30-59 

4.28 

3.79 

82. 

00-119 

4.28 

4.04 

87. 

120-239 

4.48 

3.98 

86. 


all the samples, also included in this table, 
indicates significant decreases through the 
60-119-minute period, after which the con- 
centration remained constant or increased 
slightly in most of the dogs. 

In 8 of the 17 experiments performed with 
the dogs restrained in the supine position a 
complete analysis of the plasma pnosphorus 
fractions was done, and in 3 of these the 
plasma glucose levels were also followed. A 
complete analysis of one of these three e.xperi- 
ments is presented in Table II. In this e.x- 
periment the dog was allowed to remain un- 
restrained on the floor for about one hour 
and then tied in the supine position for 2 to 
4 hours. The dog was quiet while on the floor 
but showed signs of unrest soon after being 
confined. The irritability increased markedly 
aft'^r the 60-minute period and continued 
until the animal was set free. In all S ex- 
periments the acid soluble and total pho^- 
Sorus paralleled the changes m the morgan.c 
fractL while Hpid phosphorus remamed 
Se constant during an entire e.xpenment. 

■ ?n inerS -creases in plasma glucose were 


observed at about the same time or immed- 
iately after decreases in plasma inorganic 
phosphorus were noted. 

Our animals, although trained to lie quietly 
on their backs, at times e.xhibited signs of 
emotional disturbances and fatigue. A study 
of the decreases in the obviously e.xcited ani- 
mals and in the apparently quiet ones re- 
vealed an average low value of 40% of the 
original concentration in the former group 
compared to 69% for the latter. This differ- 
ence, when studied statistical!}’-, is not sig- 
nificant, the probability at the 60-1 19-minute 
period being 17%. Analysis of a larger num- 
ber of experiments might show a more sig- 
nificant difference between the 2 groups. 

The supine position is not a natural one 
for the dog and restraint in such a po.sition 
might possibly be the cause of ph\-siological 
changes in the animal, either directly because 
of the peculiar posture or indirectly because 
of aroused emotional status due to fatigue. 
In 4 e.xperiments dogs restrained in a stand- 
ing position in a stock did not offer any re- 
sistance or become e.xcited to any noticeable 
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extent. In these e.xperiments, the results of 
which are presented in Table III, there was 
a slight decrease in plasma inorganic phos- 
phate, the greatest decrease occurring at the 
30-59-minute period and amounting to 13% 
of the initial value. 

It is not possible from the data obtained 
to derive any conclusions concerning the exact 
cause of these changes occurring in the plasma 
phosphorus concentration of restrained dogs. 
The principal factors appear to be those of 
posture and of emotional disturbance. This 
paper does not attempt to establish the rela- 
tive contribution of each of these factors to 
the phosphorus decrease; its purpose is to 
report the obsen'ation of this phenomenon 
so as to bring it to the attention of those in- 


vestigators whose e.xperiments ma\' be affected 
by its occurrence. 

Suiimiary. 1. A decrease in the plasma in- 
organic phosphate concentration amounting 
to 30-60% of the initial concentration was 
observed in dogs restrained in the supine 
position. This change was also evident in the 
total acid soluble and the total phosphorus 
fractions, while the lipid phosphorus fraction 
remained constant during an entire e.xperi- 
ment. 

2. The decrease in inorganic phosphate was 
accompanied by an increase in plasma glucose. 

3. Dogs restrained on their backs e.xhibited 
a greater decrease than those restrained in a 
stock. 


16149 

Effect of Salicylate and Tripelennamine Hydrochloride fPyribenzamine) 
on the Arthus 'Reaction and on Bacterial Allergic Reactions.* 

Edward E. Fischel. (Introduced by R. F. Loeb.) 

From the Departments of 2dedicinc and Bactcrioloff’i. Columbia Univcrsiti/ Cotlepe of 
Physicians and Surycons, and the Fdivard Daniels Faull-ncr Arthritis Clinic of the 
Presbyterian Hospital, Kew Tori: City 


The tissue damage that results from the 
union of certain antigens xsith their corre- 
sponding antibodies may be prevented by 
non-specific agents.'*'- In the case of the 
positive tuberculin reaction, cachexia and 
fever appear to inhibit the e.xpected re- 
actions." .-^s yet, however, little attention has 
been directed to the inhibition of necrotizing 
allergic reactions by therapeutic agents. The 
more transient reactions of classical ana- 
phylaxis are found to be prevented effectively 
b}' the IMosnier compounds which have strik- 
ing anti-histamine properties.**'^ Urticarial 
reactions to specific allergens or to histamine 

* Tins ■work ■was done during the tenure of a 
Life Insurance Jlcdical Ecsearch Fellowship. 

a Mitchell, A, G., Wherry, W. B., Eddy, B., and 
Stevenson. F. E., A. J. Dis. Child., 102S, 80, 720. 

- Gay, F. P., and Associates, Agents of Disease 
and Host Resistance, Springfield, Cliarlcs C. 
Thomas, 1933. 


can be inhibited by manr- of these simthetic 
compounds, of which the most widely used 
in this countrv' are diphenhydramine hydro- 
chloride (Benadryl) and tripelennamine hy- 
drochloride (Pyribenzamine). Clinicalh’, ha%’- 
fever and analogous reactions have been ben- 
efitted by these agents.^ These substances, 
however, have not been demonstrated to be 
beneficial in the “bacterial” tjpe of allergic 
response, or in the local Arthus reaction, al- 
though these allergies may be important 
in the pathogenesis of many diseases. Reubw 
reported that 2-(N-phenyl-X-benzyl-amino- 
eth.vl) -imidazoline (antistine) prevented the 
occurrence of the kidney damage that usuallv 
results when duck anti-kidney serum is in- 


3 Fcinberg, S. M., J. A. M. A., 1940, 132, 703. 
i Friedlander, S., Am. J. Med., 1940, I, 174. 
SEeubi, F., Helvetia Medico Acta, 1946 13 

Supp. xcni. 
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Duration of 
restraint 
(min.) 

0 * 

0-9 

10-29 

30-59 

60-119 

120-239 


TABLE II. 

Plasma Phosphorus Eraetions and Glucose Content, Dog 4. Exp. 17. 


PhospLorus 
(mg %) 


TP *1^ TASP IP 


14.9 

11.1 

3.28 

3.04 

14.5 

11.3 

3.34 

3.18 

— 

— 

— 



13.8 

11.3 

2.76 

2.68 

12.5 

11.1 

0.93 

0.97 

12.3 

11.1 

1.24 

1.04 


% of initial cone. 
Glucose , ^ 

(mg %) IP Glucose 


98.4 

lO'"- 100. 100. 

107. S4. 100. 

15S. 31. 151. 

158. 33. 151. 


Ijlood taken GO minutes prior to restraininc tlie do? 
TP Total Phosphorus. 

LP Lipid Phosphorus. 

I'-^SP Total Acid Soluble Phosphorus. 

IP Inorganic Phosphorus. 


TABLE III. 

Plasma Inorganic Phosphorus C oncentration of Dogs Bestrained in a Stock. 



Inorganic Pliosplionis 


Duration of 


(mg %) 


restraint 




(min.) 

Dog 3 

Mean of 4 dogs 

% of initial cone. 

0 

4.76 

4.64 

100. 

1-29 

4.28 

4.08 

88. 

30-59 

4.28 

3.79 

82. 

00-119 

4.28 

4.04 

87. 

120-239 

4.48 

3.98 

86. 


all the samples, also included in this table, observed at about the same time or imnied- 
indicates significant decreases through the iately after decreases in plasma inorganic 

60-119-minute period, after which the con- phosphorus were noted, 
centration remained constant or increased Our animals, although trained to lie quietly 
slightly in most of the dogs. on their backs, at times exhibited signs of 

In 8 of the 17 experiments performed with emotional disturbances and fatigue. A studv 
the dogs restrained in the supine position a of the decreases in the obviously e.xcited ani- 
complete analysis of the plasma phosphorus mals and in the apparentl}^ quiet ones re- 
fractions was done, and in 3 of these the vealed an average low value of 40% of the 
plasma glucose levels were also followed. A original concentration in the former group 
complete analysis of one of these three e.xperi- compared to 69% for the latter. This differ- 
ments is presented in Table II. In this ex- ence, when studied statistical^', is not sig- 
periment the dog was allowed to remain un- nificant, the probability at the 60-1 19-minute 
restrained on the floor for about one hour period being 17%. Anatysis of a larger nuin- 
and then tied in the supine position for 2 to ber of experiments might show a more sig- 
4 hours. The dog was quiet while on the floor nificant difference between the 2 groups, 
but showed signs of unrest soon after being The supine position is not a natural one 
confined. The irritability increased markedl 3 ' for the dog and restraint in such a po.sition 
after the 60-minute period and continued might possibly be the cause of phjsiological 

until the animal was set free. In all 8 ex- changes zn the animal, either dircetb* because 

periments the acid soluble and total phos- of the peculiar posture or indirectly because 

phorus paralleled the changes in the inorganic of aroused emotional status due to fatigue, 

fraction, while lipid phosphorus remained In 4 e.xperiments dogs restrained in a stand- 

nuite constant during an entire e.xperiment. ing position in a stock did not offer an^' re- 

in general, increases in plasma glucose were sistance or become excited to anv noticeable 
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extent. In these e.xperiments, the results of 
which are presented in Table HI, there was 
a slight decrease in plasma inorganic phos- 
phate, the greatest decrease occurring at the 
30-59-minute period and amounting to 13% 
of the initial value. 

It is not possible from the data obtained 
to derive any conclusions concerning the exact 
cause of these changes occurring in tlie plasma 
phosphorus concentration of restrained dogs. 
The principal factors appear to be those of 
posture and of emotional disturbance. This 
paper does not attempt to establish the rela- 
tive contribution of each of these factors to 
the phosphorus decrease; its purpose is to 
report the observation of this phenomenon 
so as to bring it to the attention of those in- 


vestigators whose experiments may be affected 
by its occurrence. 

Siinnnary. 1. A decrease in the plasma in- 
organic phosphate concentration amounting 
to 30-60% of the initial concentration was 
observed in dogs restrained in the supine 
position. This change was also evident in the 
total acid soluble and the total phosphorus 
fractions, while the lipid phosphorus fraction 
remained constant during an entire e.xperi- 
ment. 

2. The decrease in inorganic phosphate was 
accompanied by an increase in plasma glucose. 

3. Dogs restrained on their backs e.xhibited 
a greater decrease than those restrained in a 
stock. 


16149 

Effect of Salicylate and Tripelennaniine Hydrochloride (Pyribenzamine) 
on the Arthus 'Reaction and on Bacterial Allergic Reactions.* 

Edward E. Fischel. (Introduced by R. F. Loeb.) 

From ihe Departments of Medicine and Dactcriology, ColumVia University CoUegc of 
Physicians and Surgeons, and the Edward Daniels Faulhner Arthritis Clinic of the 
Preshyterian Hospital, Kew Tori; City 


The tissue damage that results from the 
union of certain antigens with their corre- 
sponding antibodies may be prevented by 
non-.specific agents.'*’- In the case of the 
positive tuberculin reaction, cachexia and 
fever appear to inhibit the expected re- 
actions.- .As yet, however, little attention has 
been directed to the inhibition of necrotizing 
allergic reactions bi”^ therapeutic agents. The 
more transient reactions of classical ana- 
phjdaxis are found to be prevented effectivelj’^ 
by the IVIosnier compounds which have strik- 
ing anti-histamine properties.®’’* Urticarial 
reactions to specific allergens or to histamine 

* Tills work was done during the tenure of a 
Life Insurance Medical Besearch Fellowsliip. 

1 Mitchell, A. G., Wherry, W. B., Eddy, B., and 
Stevenson, F. E., A. J. Dis. Child., 1028, 3C, 720. 

~ Gay, F. B., and Associates, Agents of Disease 
and Most Pcsistance, Springfield, Cliarles C. 
Thomas, 1033, 


can be inhibited b 3 '’ many of these synthetic 
compounds, of which the most widely used 
in this countrji are diphenhydramine hydro- 
chloride (Benadrjd) and tripelennamine hx'’- 
drochloride (Pyribenzamine). Clinicalh', haj'- 
fever and analogous reactions have been ben- 
efitted by these agents.* These substances, 
however, have not been demonstrated to be 
beneficial in the “bacterial” t 3 'pe of allergic 
response, or in the local Arthus reaction, al- 
though these allergies ma 3 " be important 
in the pathogenesis of many diseases. Reubi® 
reported that 2-(N-phenyl-N-benz3-l-amino- 
ethyl)-imidazoline (antistine) prevented the 
occurrence of the kidney damage that u.-ually 
results when duck anti-kidnex- serum is in- 


3 Feinbcrg, S. M., J. A. If. A., 1046, 132, 703, 
* Friedl.nndcr, S., Am. J. Med., 1946, 1, 174. 
OBeubi, F., Mclvctia Medico Acta, 1946, 13 
Snpp. SXTII. 
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jected into rabbits. Attempts to use similar 
compounds such as diphenhydramine or tri- 
pelennamine to inhibit the tuberculin reaction 
in animals were unsuccessful.® Likewise the 
use of these drugs in two cases of serum sick- 
ness and 3 of rheumatic fever has been dis- 
appointing in our experience. 

Among the agents said to inhibit the more 
severe allergic tissue reactions, salicylates 
have been frequently mentioned. Derick, et 
al.' used aspirin to prevent the appearance of 
some of the manifestations of serum sickness. 
Several workers have presented data which 
led them to believe that salicylates inhibited 
• antibody formation."'^" Coburn demonstrated 
that concentrations of sodium salicylate 
larger than those usually obtained clinically 
inhibited the union of antigen and antibody 
in vitro , and on this basis used salicylates 
prophylactically to prevent recurrences of 
rheumatic fever following streptococcus in- 
fections.^® 

It appeared of interest to study whether, 
in the presence of known quantities of anti- 
body and antigen,®® salicylate or tripelenna- 
mine could inhibit the Arthus reaction induced 
passivelj' in rabbits. The “bacterial” type of 
allergic reaction in humans actively sensitive 
to tuberculin or to streptococcal nucleoprotein 
was also studied. 

The Arthus Reaction. The desirability of 
inducing allergic reactions with known 
amounts of a single pure antigen and its 
corresponding antibody is obvious from the 
data of Rabat.®® He and his coworkers®®'®® 

c Birketsiid, 31., and, Kornfeld, L., /• Bact., 1947, 


have presented the techniques for producing 
anaphylaxis and the Arthus reaction with 
measured amounts of antigen and antibody. 
The latter technique was employed in this 
study. 

Albino rabbits (about 2200 g) were injected 
intracutaneously in single or multiple sites 
with dilutions of rabbit anti-chicken egg 
albumin serum containing amounts of anti- 
body nitrogen known to give reactions of 
minimal and maximal severity.®® The serum 
was prepared and analyzed by Dr. E. A. 
Rabat and kindly given for this study. Con- 
trols were injected in equal number simul- 
taneously but were not given drug therapy. 
After a half hour, known amounts of a solu- 
tion of 4 times recrystallized egg albumin 
were injected directly into the sites. The re- 
aeP'ons were read at 6, 12, 24 and 48 hours, 
and those of the untreated animats ^Yere com- 
pared with groups receiving salicylate or 
tripelennamine. In some instances biopsies 
wete taken of the involved areas for histolog- 
ical comparison. The intensity of the reactions 
was graded as previously described;®® 0 = 
no reaction; d: = transitory erythema last- 
ing 5 to 8 hours, and absent at 24 hours; 

=r erythema lasting 24 hours and measur- 
ing up to 1.5 cm in greatest diameter at that 
time; — j- erythema 1.5-2. 5 cm at 24 hours 
persisting for one to 2 days, with slight edema 
and occasional slight brownish discoloration 
after 24 hours; -j — j — f- 2-3.5 cm erythema 
with moderate edema and slight brownish 
discoloration persisting 2 to 3 days; -J — | — 1 — h 
more than 2.5 cm of erythema, marked edema 
and moderate or marked brownish discolora- 


54, 82. 

7 Derick, C. L., Hitchcock, C. H., and Swift, 
H. F., A. Clin. Invest., 1928, 5, 427. 

S Swift, H. F., J. Exp. Med., 1922, 36, 735. 

0 Homburger, F., Pkoc. Soo. Exp. Biol, axd 
3Ied., 1946, Cl, 101. 

10 Jiiger, B. A’., ond Nickerson, 31., Am. <7. Med., 
1947, 3. 40S. 

11 Coburn, A. F., and Kapp, E. 31., J. Exp. Med., 


1943, 77, 173. 

12 Coburn, A. F., 


and 31oore, L. A''., /. Fcdiat., 


1942, 31, 180. 
J3 Kabat, E. 
jiKabat, B. 


A. Am. J. Med., 10-17, 3, '535. 

A., and D.andow, H., /. Immunol., 


1942, 44, 09. 


tion with changes lasting 3 to 5 days. Rab- 
bits of the treated groups were given the 
medication every 4 hours on the da}' before, 
the day of, and occasionally on the day fol- 
lowing the induction of the Arthus reaction, 
although by this time the reactions had 
reached their height and readings were con- 
clusive. Sodium salicylate was given intra- 
venously in doses of 2 to 5 ml of a 10% 

15 Kabat, E, A., and Boldt, M. J. Xmmunol.j 
1944, 48, 181. 

iGFischel, E. E., and Kabat, E. A., J. Immmol.f 
1947, 55, 337. 
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TABLE I. 


Effect of Salicylate and Tripelannamine on Severity of the Arthus Eoaction Induced Passively 
ivitU KnOTvn Amounts of Anti-egg Albumin and Crystalline Egg Albumin. Number of Eeac- 
tions of Different Severity Eelated to Total Seactions in Each Group. 


Antibody 

Treatment 

Severity of reaction with 0.13 mg 
crystalline egg albumin nitrogen 


(mg) 

+ + + + 

+ -1- + 

+ -t- 

-h 

0 ' 

.53 

Control 

3/3 






Salicylate 

2/3 

1/3 




QO 

Control 

3/lG 

9/16 

4/lG 




Salicylate 

1/8 

5/8 

2/8 




Tripelennamine 


4/10 

6/10 



.10 

Control 



1/2 

1/2 



Tripelennamine 




2/3 

1/3 

*05 

Control 



4/7 

3/7 



Salicylate 



4/7 

2/7 

1/7 


Tripelennamine 



4/o 

1/5 


.025 

Control 




2/2 



Tripelennamine 




1/3 

2/3 


solution (0.2 to 0.5 g). In a few instances 
serum salicylate levels were determined.^'^ 
A value of 1224 y per ml was found a few 
minutes after one injection of 0.4 g and 311 
7 per ml after 4 hours. Tripelennamine hydro- 
chloride (Pyribenzamine) was administered 
as an 0.5% solution in doses from 20 mg 
intramuscularlj^ to 5 mg intravenously on the 
dai"^ before and at 4-hour intervals on the 
day of induction of the Arthus reaction. Ten 
mg intravenously caused transient convul- 
sions in some rabbits. 

The results of the systemic administration 
of salicylate or Pyribenzamine on the severity 
of the passive Arthus reaction are presented 
in Table I. It is apparent that the severity 
of the reaction was not appreciably altered 
when the higher concentrations of antibody 
Yvere used, or with quantities normally giving 
a minimal reaction. The readings tabulated 
are those at the end of 24 hours, in conform- 
ity with our previous e.xperience, and with 
the generally accepted picture of the .-\rthus 
phenomenon. However, during the first 6 
or 8 hours a difference between the control 
and salicylate treated groups was noted which 
does not lend itself to adequate measurement. 
Usually the control and tripelennamine 
tre.ated groups had a thicker and slightly 
wider area of edematous skin than did the 


salicylate treated group. The reaction at 24 
hours more closely appro.vimates the tissue 
damage associated ivith the classical Arthus 
phenomenon and apparently the end reaction 
is not influenced by the moderate difference in 
edema at the end of 6 hours. 

Bacterial Allergic Reaction. “Bacterial” 
allergic reactions have been distinguished 
from the Arthus reaction chieflj^ because it 
is not possible to transfer the allergy to 
bacterial products which results after infec- 
tion with serum of sensitized individuals.*® 
Chase*® showed that sensitivity of the tuber- 
culin tj^pe may be passively transferred with 
cellular e.xudates from sensitized animals. 
The mechanism of this cellular transfer of 
sensitiviU’ is not yet clearly understood. In 
these studies it was necessary to determine 
the initial degree of sensitivitj’’ and then 
subject the same individual to the salic 3 date 
or tripelennamine and ascertain the effect or. 
the reaction. 

Subjects were adults on the wards of the 
Presbi'terian Hospital recovering from vari- 

ir Brodie, B. B., Endenfriend, S., and Coburn, 
A. F., J. Pharm. and Exp. Thcrap., 1944, 80, 114. 

18 Eich, A. E., The Pathogenesis of Titbcrndosis, 
Springfield, Charles C. Thomas, 1941. 

i» Chase, SI. Vf., Pnoc. Soc. Exp. Biou and Med 
1945, 59, 134. ’ 
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TABLE II. 


Effect of Salioj-late and Tripelennaniine on Intracutaneous Skin Tests in Individuals Sensitive 
to Streptococcal Nueleoprotein Fraction C18K. 


Subject 


Area 

of erytliema 


Control 

(incbesa) 

Salicylate 

(incliosa) 

Salicylate level 

( 7 /ml) 

Tripelennamine 

(inches^) 

K.A. 

.15 

.20 

■ 321 

.23 

E.C. 

.33 

.31 

54S 

.53 

L.C. 

.30 

.50 

352 

.39 

B.C. 

.11 

.19 

534 (toxic) 

.17 

B.D. 

.30 

.42 


.28 

H.H. 

.35 

.32 

278 

.58 

r.Ji. 

.05 

.14 

33S 


W.B. 

.10 

.26 


.25 

A.S. 

.50 

.58 


.60 

P.W. 

.40 

.10 

507 (toxic) 

.60 

E. 

.27 

.40 



X.C. 

.19 

.05 



Y.G. 

.07 

.12 



I.W. 

— 

.37 


.50 


ous diseases, medical students, and children 
convalescing from rheumatic fever at the 
Pelham Home for Children.t Intracutaneous 
skin tests were done on comparable areas 
of the forearm but individual sites tvere used 
only once. The purified protein derivative 
(PPD) of tuberculin-® and a nucleoprotein 
fraction C18K prepared from the hemolytic 
streptococcus by Heidelberger and Kendall-^ 
and kindly given for this study by Dr. 
Heidelberger, were used as antigens. The 
PPD was used in one of the 2 customary 
strengths, 0.00002 mg in 0.1 ml and O.OOS 
mg in 0.1 ml. The C18K was diluted from an 
analyzed (Kjeldahl) stock solution so that 
0.1 ml contained 0.0001 mg nitrogen. Read- 
ings were made as frequently as possible, 
every 6 or 12 hours after injection. The 
C18K skin test appeared to be at its max- 
imum at 24 hours in all cases except the 
most severe reaction which went on to be- 
come hemorrhagic at 48 hours. The other 
cases showed well demarcated areas of ery- 
thema and edema or induration, occasionally 
surrounded by a zone of erythema alone, In 


t We are 
the Pelham 


grateful to Miss Wary C. Kelly and 
Home for CbiWren for their coopera- 


eo'seihert, E. B., Aronson, 
Clark, L. T., and Long, E. E., 


J. P., Eeichel, J., 
Am. Jtev. luberc.. 


1934, 30, Supp. 

21 Heidelberger, 


M., and Kendall, F. E., J. Exp. 


iled., 1931, 54, 515. 


instances where the zone was present, the areas 
of both ovals were determined, but only the 
outer one is listed in Table II. Skin reactions 
were recorded by cellophane tracings of the 
lesions and an appraisal of the degree of 
erythema and induration was made to compare 
further the reactions in the same individual. 
Medication was given orallj'', either a week 
before or a week after a control test was per- 
formed. Salicylate v.'as given as enteric coated 
aspirin or sodium salicylate in doses of 0.6 
to 1.2 g every 4 hours, night and day, giving 
salicylate levels from 153 y/ra\ to 534 
'//ml in a representative group of subjects. 
Tripelennamine (PvTibenzamine) was given 
in doses of 25 to 50 mg 3 times a day for a 
few days before and during the skin reacting 
period. 

Tests were done 2 or 3 times in the same 
individual, one time vdthout anj'^ medication 
and the other one or 2 times at weekh^ in- 
tervals with salicylate or tripelennamine ad- 
ministered. The results of the C18K skin 
tests are seen in Table II, which lists the area 
of the cellophane tracings of the skin lesions 
as determined by planimeter. Other charac- 
teristics of the lesions such as degree of 
erythema and induration are not listed since 
they did not vary appreciably from test to 
test in (he same individual. 

Thirteen subjects were tested with ClSK 
with and without salicylate administration. 
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Of these only 2 showed diminution of the area 
of the skin reaction of more than 0.1 square 
inch during aspirin administration, one of 
these had marked signs of salicylism and a 
level of 507 y/mi. Seven individuals had no 
difference in area with and without salicylates 
and 4 had increases of more than 0.1 square 
inch despite comparable doses of salicylate. 
With tripelennamine, the C18K reaction was 
approximately the same as the control re- 
action in 5 individuals and increased O.I 
square inch or more in 4 individuals. A 
similar degree of variation is present when 
the reactions with salicylate are compared 
with those during tripelennamine administra- 
tion. Four individuals did not show any 
change, 2 had lesions which diminished by 
more than 0.1 square inch and four showed 
areas which increased by more than 0.1 
square inch. With the tuberculin test, 22 
subjects were given aspirin; 14 showed no 
appreciable change from their control skin 
test, 5 showed a more severe reaction, and 
three had a less severe reaction. 

Discussion. The Arthus reaction is a man- 
ifestation of the union of certain antigens 
with antibodies, and its severity can be re- 
lated to the amount of antibodj' uniting with 
the antigen.^®'--'-®'-^ Since the severity of the 

- Opie, E. L., J. Immunol., 1924, 9, 231. 

-3 Culbertson, J. T., J. Immunol., 1935, 29, 29. 

21 Cannon, P. B., and Marsliall, C. E., J. Im- 
munol., 1941, 40, 127. 


Arthus reaction was not altered appreciably 
it does not appear that the drugs employed in- 
hibit the union of antigen with antibodj* in 
vivo. However, the moderately diminished 
edema at the end of 6 hours in the salicylate 
treated group may be of interest in view of 
the demonstrated inhibition b\' salicylate of 
spreading due to hyaluronidase.-"’ 

Tripelennamine has been shown to e.x- 
hibit a significant antiliistamine action.®’* 
Since it did not lessen the severity of either 
lesion studied, it appears that histamine does 
not play a significant role in the pathogenesis 
of necrotizing allergic reactions. 

Summary. .\ study was made of the effect 
of salicylate and of a synthetic antihistamine 
compound, tripelennamine hydrochloride, on 
necrotizing allergic reactions of the .'\rthus 
and “bacterial” types. The Arthus reaction 
was induced passively in rabbits by quantita- 
tive methods. “Bacterial” sensitivity to a 
streptococcus nucleoprotein fraction and to 
tuberculin was obsen'ed in human subjects. 
Neither type of reaction appeared to be 
altered by the administration of salicylate 
or tripelennamine. However, in the early 
development of the .•\rthus phenomenon, sal- 
icylate treated animals exhibited less edema 
at the site of the lesion. 

art Guerra, F., J. Pliarm. anil Exp. Thcrap., 1940, 
87, 193. 
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Further Observations on the Cultivation of Strains of Poliomyelitis Virus 

in Developing Eggs.^ 


John B. Enright and Edwin W. Schultz. 

From the Department of Daetcrlology and Experimental Pathology, .School of Medicine, 
Stanford University, Stanford, Calif, 


In an earlier paper^ we reported the suc- 
cessful cultivation of the murine SK strain 
in developing eggs. In the present paper ■we 

* Supported by tbe noTOrd Frost Poliomyelitis 
Bcscarcli Fund. 


wish to summarize observations made since 
then on this and other strains. 

Murine SK Strain. The SK strain has now 

1 Schultz, E. W., and Enright, .T. B., Pp.oc. Soc. 
Exp. Biol, axd Med., 194C, 03, 8. 
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been carried through 30 .passages in fertile 24th egg passage did not show any appreciable 
eggs. Its ID 30 for mice in 15th, 21st; 24th change in the antigenic properties of the 
and 30th egg passages was 10“', based on ti- virus. 

trations of Chamberland L 3 filtrates of 1 % Murine MM Strain. This strain, described 
suspensions of whole embryo tissues in half- by Jungeblut and Dalldorf' was obtained 
strength JVIartin’s peptone solution, the fil- from Dr. Jungeblut in 1946 in its 107th 
trates themselves showing a titer of 10 -®. This mouse passage. Jungeblut^ briefly mentions 
titer was reached by the 4th or 5th day. The that this strain had been “carried over five 
average incidence of embr 3'0 deaths between serial passages in fertilized hen’s eggs.” In a 
the 2nd and 6 th days was 79% in inoculated later paper, Brutsaert, Jungeblut and Kno.v^ 
eggs incubated at SS^C, and 46% in eggs state that the virus could not be recovered 
incubated at 37.5°C. The virus content of after the 5th or 6 th serial passage, 
the embryo tissue did not appear to be in- We succeeded in carrying the hlhl strain 
fluenced' by the temperature at which the through 10 egg passages under conditions 

inoculated eggs were incubated. similar to those employed for the SK strain. 

Up to the 18th passage, the material used The ID 30 for mice of material from the 10 th 
to inoculate the ne.\'t group of eggs consisted egg passage was about KT®, based, as in the 
of the heads and necks only of the embryos preceding series, on serial dilutions of Cham- 
from the preceding passage. After the 18th berland L 3 filtrates of 1% suspensions of 
passage, the entire embryo was used in pre- whole embrjm tissue. At 3S°C the average 
paring the passage material. Nine-day eggs incidence of embrj'o deaths was 75%, based 
were employed in making the passages. All on a total of 52 eggs employed; at 37.5°C 
were inoculated by the chorioallantoic route, this incidence dropped to about 20 %. 

The inoculum in all passages consisted of 0.1 Murine Lansing or C(M) Strain. Of es- 
ml of Chamberland L 3 filtrates of 1 % sus- pedal interest have been the results obtained 
pensions of the chick embryo tissue in half- with what appears to be a murine high titer 
strength Martin’s peptone solution. Twelve variant of the Lansing strain. This strain 
supplementary passages were made by the prior to its trial in eggs had been passed con- 
yolk sac route. In the latter, the passage tinuously in mice over a period of more than 
material consisted of filtrates prepared from four years. Just when it first showed itself 
suspensions of abdominal viscera only. This as a high titer virus we are unable to say 
series showed about the same virus content since actual titrations were not carried out 
at the end of the 12th passage as the series during most of this period. Up to 1943 it 
carried with material from the heads and behaved like a t 3 T)ical “low titer” Lansing 
necks only. In the series inoculated by the strain. However, shortly before the present 
chorioallantoic route, the allantoic fluid, un- studies were undertaken in 1946, it showed 
filtered, showed an IDoo of 10 '® in the 9th an ID50 of KL' for mice. The possibility that 
passage, the chorioallantois itself an ID50 the supposed variant was actually a foreign 
of 10^ in the Sth passage, and the yolk only virus obviously had to be considered. An 
in the 15th passage titered only 10 -^. investigation was therefore undertaken to 

Embryos from 5 to 14 days of age seemed determine its relationships to Lansing “pas- 
to serve equally well for the propagation of sage strains” from other laboratories. This 
the virus. However, in eggs containing 15- study is still in progress, and will be reported 
and 16-day-old embryos the IDco dropped later.® Its inclusion in this report — as a 
from the usual level of 10'^ to lO"^, and in probable variant of the Lansing strain — seems 
17-day-oId eggs to zero. With this drop in sjangnbiut, 0. w., and Daiidorf, G., Jm. J. 
titer the incidence of embryo deaths also health, 1943 , ss, 169. 

off Attempts to adapt the virus to older 3 jnngeWut, C. w., J. Exp. Med., 1945, si, 275. 

* f *1 ri 4 Bruts^iert, P., Jungeblut, O, W., and Knox, 

'"SmlTzation tests on material from the Alice, Prdiai., loic, 20 , 350 . 
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to be justified bj’ the results of serological 
observations thus far and by the fact that 
it has produced characteristic flaccid paraly- 
sis in individual monkeys when these were 
inoculated intracraniallj- with mouse brain- 
co.'d virus suspensions. In one group of 3 
monkeys inoculated with “autolyzed” brain- 
cord material from recent mouse passage pre- 
pared according to Milzer and Byrd/' all 
developed typical paralysis with characteristic 
cord lesions. 

This virus has been carried through 15 
egg passages. As in the murine SK series the 
passages were initiated with a Chamberland 
Lo filtrate of a 1% suspension of mouse brain- 
cord tissue in half-strength Martin's peptone 
solution. The ID30 of this filtrate was ICT^, 
or not less than 10"’ for the unfiltered mate- 
rial. This was seeded to 5 eggs in 0.1 ml 
amounts, by the chorioallantoic route. All 
subsequent passages were made as described 
for the preceding viruses. The virus has been 
carried through the 15 passages without ap- 
parent loss of its IDjo for mice. Up to the 
5th passage, the material passed consisted of 
heads and necks only of the preceding em- 
bryos. In all subsequent passages filtrates of 
ground whole embryo tissue were employed. 
Of a total of 78 eggs inoculated in making 
these passages, 76% developed dead embrj-os 
between the 2nd and 6th days. 

While the infectivity for mice of the egg 
passage material has remained high (10"'), 
its infectivit}' for monke3"s has proved to be 
low. An undiluted L- filtrate of a 1% suspen- 
sion of material harvested from the 5th egg 
passage was inoculated into 4 Rhesus mon- 
key's. each animal bj' both the intracerebral 
and intraperitoneal routes. Xo symptoms 
were observed until the 3rd week, at which 
time all 4 of the animals developed a well- 
defined awkwardness in their movements. 
X’one developed a definite parah'sis. however. 
Three of the animals were sacrificed soon 
after the onset. Xo well-defined cord lesions 
were observed in anj' of them, and onl\' one 

5 Schultz, E. IV., and White, S. C., unpublished 
observations. 

c Milzer, A., and Byrd, C. L., Sciaicc, 1947, 
105. 70. 


showed perivascular cuffing in the brain. 
The 4th animal recovered without an}' resid- 
ual manifestations. A similar filtrate from 
the lOth egg passage was inoculated, un- 
diluted, into 2 monkey's. Both failed to develop 
sj'mptoms, despite the fact that the IDjo 
of this particular filtrate, for cotton rats, was 
10^ and lO”'’ for mice (or not less than 
10“ and 10 ' respectivelv', for the unfiltered 
material). Emploj'ed in a dilution of 10'^, 
this filtrate was neutralized bj' an equal vol- 
ume of anti-C(M) serum produced in a 
rabbit (final serum dilution 1:5), but not 
b}' antisera against the murine SK strain and 
the GD VU strain of Theiler’s virus when 
these antisera were emploi'ed in similar di- 
lutions. Certain tests carried out with mouse 
brain-cord suspensions have shown, however, 
that there is some cross reaction with the 
murine SK strain.^ 

Theiler’s Encephalomyelitis Virus. The GD 
Vn strain of Theiler’s virus was carried 
through 10 egg passages. Success with strains 
of Theiler’s virus had been reported, however, 
bj' earlier workers.'-®’® The ID.-;o of an L.-j 
filtrate of material from the 10th passage, 
prepared from a pool of whole embryos, was 
10-r. -With this particular virus the average 
incidence of embrj'o deaths was onlj’^ 23%, 
based on a total of 55 eggs emploj-ed. The 
virus was neutralized bj' an homologous anti- 
serum produced in a rabbit but not bj' anti- 
murine SK serum nor bj’ anti C(M) serum. 

Strains Which Failed to Grow in Fertile 
Eggs. The following strains failed to show 
growth in developing eggs: (1) the cavian 
SK strain,^® obtained from Dr. Claus W. 
Jungeblut in 1946 as his 74th serial passage 
in guinea pigs. (2) the original monkeys pas- 
sage SK strain,” obtained from Dr. John 

I Card, S., Acta 2Icd. Scand. (Snppl), 1943, 1943. 

SDunbam, W. B., and Parker, Sue, J. Bad., 

1943, 45, SO. 

9 Eiordan, J. T., and Sd-Pleitas, M. J., Science, 
194G, 103, 449. 

10 Jungeblut, C. W., Proc. Soc. Exp. Biol, axd 
Med., 1945, US, 177. 

II Trask, ,T. T>., Viguec, A. J., and Paul, J. E., 
Proc. Soc. E.xp. Bron. axd Med., 1938, 38, 147- 
1939, 41, 241 ; J. A. .M. A., 193S, 111, G. 
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R. Paul in 1946 in its 22nd passage, (3) a 
cotton rat passage strain of the Lansing 
virus, obtained from Dr. Hubert Loring in 

1946, (4) the MV strain, and (5) the FW 
strain isolated by one of us (E.W.S.) from 
the stools of a poliomyelitis patient in 1941. 
All 5 of these strains failed to prove infectious 
for test animals after the 5th or 6th egg pas- 
sages. Since the Ls filtrate of the Lansing 
strain had failed to induce infection in mice, 
the egg passages in this .series were initiated 
with 0.2 ml of an unfiltered 1% suspension 
mouse brain-cord tissue in half-strength 
hlartin’s peptone solution of the passage 
material, which did prove infectious for 5 
out of 6 cotton rats. 

After we had completed this work a paper 
by Riordan and Sa-FIeitas*- appeared in 
which they also report having obtained nega- 
tive results with certain “monkey pathogenic 

12 Eiordan, J, T., and Sa-Pkitas, M. J., J. Im- 
munol, Vints Hcsearcli and Hxp. Clicmoiherap!/, 

1947, 30, 263. 


mouse adapted strains” of poliomyelitis virus. 

Suiniiiary. Further observations on the 
cultivation of the murine SK strain of polio- 
myelitis virus in fertile eggs are reported. 
This strain has now been carried through 30 
passages in eggs. The virus has been found to 
be widely distributed in the infected enibrvo. 
It is easily transmitted from egg to egg by 
different routes. Embryos from 5 to about 14 
days of age seem to serve equallj' well for the 
propagation of the virus, but those above 
16 da 3 's of age fail to support its growth. 

The murine hlM strain was carried through 
10 egg passages; a Stanford mouse passage 
strain, believed to be a high titer variant 
of the Lansing strain, tentativelj'' labeled 
C(M) virus, was carried through 15 egg pas- 
sages. The GD VII strain of Theiler’s mouse 
encephalom^'elitis virus was carried through 
10 passages. It caused the lowest incidence of 
embryo deaths of the three viruses cultivated. 
Five strains of poliomyelitis virus failed to 
show growth in eggs. 
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Ability of Diisopropylfluorophosphonate (D.F.P.) to Produce Antidromic 

Activity in Motor Nerves. 


Richard L. jMasland. (Introduced by D. W. Bronk.) 

From tlio Department of Xcurologp, University of Pennsylvania, Philadelphia 


Masland and Wigton^ demonstrated anti- 
dromic activity in motor nerves, occurring 
in association with fascicular twitching of 
the muscles produced by neostigmin (Prostig- 
min), or by eserin. They concluded that the 
cholinesterase inhibiting action of these drugs 
led to an accumulation of acetylcholine, 
which stimulated the motor nerve at ds end- 
ing, and initiated antidromic impulses. This 
work was further extended by Eccles, Katz, 
and Kuffler.- These investigators demon- 
strated that the antidromic activit y observed 


K. S., j. Heuro- 


physiol, 1940, 3, 269. 

2 Eccles, J. C., B., 

J. Feurophysiot, 1942, o, 211, 


and Kuffler, S. W., 


in the motor ner\'e sometimes originated m 
the muscle fibre, and at other tiroes originated 
in the nerve ending itself. 

In view of the development of new anti- 
cholinesterase drugs, it was of interest to 
determine whether the new drugs produce 
similar antidromic activitjc .A study similar 
to that previously reported with neostigmin 
has therefore been made using diisopropi'l- 
fluorophosphonate (D.F.P.) . The drug was 
injected intramuscularly or intraperitoneally 
in cats, in doses of 5 to 10 mg, as a l^o 
solution in peanut oil. Active fascicular 
twitching of the muscles was usuall,v observed 
in about 40 minutes from the time of injection. 
When the drug was injected intramuscularh-. 


040 




Time scale , o-oi sec. 

Fig. 1. 

Diagram sliowing tlio spike frequency and the duration of 7 typical grouped discharges pro- 
duced by D.F.P. and recorded from an anterior root of the cat. Tlie bursts diagrammed contain 
from 5 'to 21 spikes. Bursts consisting of a single spike, ivhich also occurred, have not been 
indicated. 

the twitching usually appeared first in the activity appeared to be identical with that 
limb into which the drug had been injected, previously reported in connection with the 
When recording electrodes were applied to administration of neostigmine. (Fig. 1). 
the motor nerve roots within the spinal canal These experiments provide further evi- 
under these conditions, antidromic activitj’ dence of the similarity of action of eserine, 
was recorded. The activity consisted of re- neostigmine, and D.F.P. , and support the 
peated bursts of nerve impulses, the impulses view that the effect of these drugs on the 
occurring in groups of 1 to 20, at frequencies neuromuscular system is a result of their 
up to 200 second during the bursts. The common action as cholinesterase inhibitors. 
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Galactose Excretion in Young and Hepatoma Rats Fed Skim Milk Diets.”” 


P. H. Derse, C. a . El\’ehjem, .and E. B. Hart. 

From the Department of Diochemistrif. Collcric of Ariricntlurc. Vnirersitv of Trisconsitt, 

Madison, IP is. 


.\dult rats receiving liquid skim milk ex- 

♦ Published with the approv,ul of the Director 
of tlie U isoonsin Agricultural Experiment Station. 
This work was supported in part by grants from 
the Evaiiorated ililk Association, Chicago, and the 
National Dairy Council, Chicago, in behalf of the 
.tnierican Dairy Association. 


Crete as high as SSfo of the ingested galactose 
in the urine. When whole milk or skim milk 
supplemented with 3 or 4% fat is fed, the 
urinarj- loss of galactose is greatly reduced.^ 
Fat increases the utilization of galactose by 

iSchantz, E. J., Elvehjem, C. A., and Hart, 
E. B., J. Biol. Ciicm., 193S, 122, 381. 
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the rat v/hen either lactose or galactose is in- The studies were repeated on jats with 
gested in milk or synthetic type rations. The hepatomas,? induced by p-dimethylaminoazo- 
percent of the ingested galactose lost in the benzene or m'-methyl-p-diaminoazobenzene.^ 
urine is independent of the actual amount of The hepatomas rvere ascertained by palpation, 
galactose ingested but is dependent upon the The results of these tests are presented in 
per cent of galactose in the ration,-’® The rate Table II. 


of intestinal absorption of galactose varies in- 
versely with the percentage of fat in the diet.® 
Heretofore, in the galactose excretion stud- 
ies, adult rats were employed. This report 
presents results of tests mth weanling rats 
and rats with hepatoma. 

Weanling male albino rats of the Sprague- 
Dawley strain were kept in individual wire 
mesh metabolism cages. Urine samples were 
collected under toluene for 24-hour periods. 
Once or twice weekly the galactose content 
, was determined by using a slight modification 
of the Shaffer-Hartmann method^ with a 
factor of 1.22 to convert the values to galac- 
tose, Numerous urine samples were inoculated 
with Saccharomyces cerevisiac to test for 
fermentable reducing substances and in no 
case did this cause the amount of reducing 
substances to decrease. 

The diet of the animats was prepared 
fresh daily by incorporating 10 g of com- 
mercial skim milk pow’der in water to a vol- 
ume of 100 cc. To each 100 cc were added 
12 mg of ferric pyrophosphate (Mallinckrodt 
N. F. VII), 0.6 mg of CuSO^-SHsO and 0.6 
mg of MnS 04 ’ 4 H 20 . The liquid diet con- 
tained 4.65% lactose of 2.45% galactose. The 
fat soluble vitamins w'ere supplied as a corn 
oil concentrate, 2 drops per w’eek furnishing 
1. 568 mg of a-tocopherol, 0.147 mg of 
2-Me-l,4'naphthoquinor!e, 0.3S mg of /?- 
carotene,! and 0.0098 mg of calciferol.! 

Four duplicate e.xperiments, consisting of 
6 rats each, ivere set up at different intervals. 
The average weekly galactose e.xcretion values 
obtained ivith each gr oup are given inTable I 

' 2 Geyer, E. P-, :^tivell, E. K., Elvelijem, C. A., 
snd Hart, E. B., /. Biol. Chon., 1945, 162, 251. 
sNieit, M. B., and Vend, H. J., Jr., J. Biol. I 

^*4 Oseo'oa E. v’, 4 Icxtbool: of Lahoraiory Vmg- £ 

ana Students, PhUaflelplua, 193 d, 301. ^ 

t 0Q9o p-c.’irotcne and 10% a-carotenc. ^ 

t Oystallino irradiated crgostorol. 


^ Dhciissiou. The urinary excretion of galac- 
tose in the weanling rat was lower than that 
of the adult animal on the skim milk diet. 
The excretion values (Table I) increased 
’ during the fifth and sixth week until the 
rate of excretion of the adult rat was reached. 
During the first few days on the liquid diet 
slight weight Josses ivere obsen'cd in each 
group of rats, but thereafter slow' grow’th oc- 
curred. Diarrhea w'as surprisingly absent in 
most of the young animals. IVhen present, the 
e.xcretion value was omitted due to unavoid- 
able contamination of the urine sample. 
After 3 or 4 weeks on the experimental diet, 
55% of the young rats had dev'eloped an 
opacity of the lens. This incidence was sur- 
prisingly high. Krewson ef a/.® had reported 
that the lactose content of skim milk alone 
was not great enough to produce cataracts. 
Their work differed from this in that their 
rats were beyond the weanling stage, weigh- 
ing 80 to 100 g. 

Adult hepatoma rats fed the skim milk 
diet show’ed excretions of galactose varyn'ng 
from zero to the amount e.xcreted by 
normal adult rats. A slow increase in ex- 
cretion was noted in Rats 1 and 5 from 
Groups 2 and 3 respectively. Autopsy of 
these 2 animals showed no evidence of hepa- 
toma. The high mortality of the tumor ani- 
mals tended to obscure the results and pre- 
vent the completion of most of tlie e.xperi- 
mental runs. 

The lower excretion in the w'eanling and 
tumor rats approximates that obtained when 
3 or 4% of fat is incorporated in the milk. 

f The hepatoma animats were obtained through 
tlic courtesy of Dr. 0. A. B.'iura.iim and conorkers. 

sBuscli, H. P., Baumann, C. A., Slitter, J. A,, 
and Kline, B. E., A. A. A. S. Scscarch Conference 
on Concer, 1944, 267. 

c Krewson, C. P., Schantz, E. J., Elvelijem, C. A., 
and H.nrt, E. B,, Pnoc. Soc. Exr. Bioo. .vkd Med., 
1939, 42, 573. 
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TABLE I. 

Galaetose Excretion by Atale AVeaiiUng Bats. 


Group 

Weekly galaetose excretion values (% 

of galactose ingested) 

Jvo. of 
animals 
with lens 
opacity 

1 2 

3 

4 

5 

6 

7 

S 

9 lo' 

1 

5.09 S.CG 

S.60 

9.7 

12.02 

— 

— 

21.7 

25.1 — 

5 

O 

7.41 6.46 

5.03 

3.6 

12.20 

20.5 

20.9 

27.7 



o 

3 

— 6.90 

4.45 

10.3 

11.40 

20.1 

19.1 

32.0 

40.0 31.0 

3 

4 

4.61 4.61 

8.35 

11.56 

14.40 

16.77 

19.8 

29.1 



3 


* Each group consisted of 6 animals, but contamination due to diarrhea sometimes occurred. 
Because the contaminated samples n-ere omitted, each figure in the table represents the average 
urinary galactose excretion of 3 to C animals. 


TABLE 11. 

Galaetose Excretion by hlalc Rats vrith Hepatoma, Fed Skim Milk. 


Weekly galaetose excretion values* (% of galactose ingested) 


Group 

Bat 

r 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

1 

5.05 

5.05 

Dead 









2 

2.98 

3.38 

6,49 

Dead 








3 

2.98 

Dead 










4 

0.0 

4.3 

3.38 

5,37 

4.7S 

2.39 






0 



— 

5.97 

8.96 

9.23 

Dead 






6 

— 

— 

0.0 

3.78 

4.7S 

2.9S 





II 

1 

5.97 

6.75 

12.30 

17.6 

24.6 

26.0 






o 

6.73 

2.58 

Dead 









i 

5,69 

5.15 

4.50 

Dead 







III 

1 

5.97 





0.0 


— — 

3.78 

5.97 

Dead 



2 

6.97 





0.0 

— 

— 

5.97 

0.0 

Dead 



3 

9.25 

— 

— 

2.98 

— 

— 

6.75 

Dead 




4 

4.55 





1.79 

— 

— 

4.30 

2.98 

4.08 

5.97 


0 

3.38 

— 

— 

1.79 

— 

— 

20.01 

25.40 

31.00 

33.40 

W 

1 

4.S0 

9.4 

Dead 









o 

2.92 

Dead 










* Each figure represents the galactose excretion value of one animal. 


In the young animal more efficient utilization 
of galactose may be necessar)’- for the more 
adequate utilization of the high lactose diet 
during early life. Evidence that the system 
inv'olved may be one present in the liver is 
substantiated by the results obtained in rats 
with hepatomas. 

Kosterlitz* and others have shown that an 
increased amount of glucose is found in the 
liver during galactose assimilation. Green- 
stein® reports that rat hepatoma possesses an 
acid phosphatase activity double that of 
normal liver and an alkaline phosphatase 
activity 120 times as great. This may e.xplain 

■Kosterlitz, H. W., JBiochem. J., 1943, ST, 181. 

S Grcenstcin, J. P., J. Xat. Cancer Inst., 1942, 
2, 511. ’ 


the decreased galactose e.\’cretion in the tumor 
animal. .A similarh'- increased phosphatase 
system may occur in the j-oung animal, and 
induce a greater conversion of galactose-1- 
phosphate to glucose or glycogen. In the older, 
more mature animal the lactose intake is 
smaller and the galactose utilization system 
must compete to a lesser degree. The fact 
that the adult liver can convert galactose at 
a certain rate forms the present basis for 
the galactose tolerance test as a measure of 
liver function. This study would seem to in- 
dicate that the test may be inadequate in 
determining dysfunction due to tumor. 

The hepatomas were ascertained to be 
originally present through palpation. How- 
ever. in 2 obsen’ations autopsy failed to show 
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the rat v/hen either lactose or galactose is in- 
gested in milk or synthetic type rations. The 
percent of the ingested galactose lost in the 
urine is independent of the actual amount of 
galactose ingested but is dependent upon the 
per cent of galactose in the ration.--® The rate 
of intestinal absorption of galactose varies in- 
versely with the percentage of fat in the diet.® 

Heretofore, in the galactose excretion stud- 
ies, adult rats were employed. This report 
presents results of tests with weanling rats 
and rats with hepatoma. 

Weanling male albino rats of the Sprague- 
Dawley strain were kept in individual wire 
mesh metabolism cages. Urine samples were 
collected under toluene for 24-hour periods. 
Once or twice weekly the galactose content 
was determined by using a slight modification 
of the Shaffer-Hartmann method^ with a 
factor of 1.22 to convert the values to galac- 
tose. Numerous urine samples were inoculated 
with Saccfiaromyccs ccrevisiac to test for 
fermentable reducing substances and in no 
case did this cause the amount of reducing 
substances to decrease. 

The diet of the animals was prepared 
fresh daily by incorporating 10 g of com- 
mercial skim milk powder in water to a vol- 
ume of 100 cc. To each 100 cc were added 
12 mg of ferric pyrophosphate (Mallinckrodt 
N. F. VII), 0.6 mg of CuSOpoHjO and 0.6 
mg of MnS 04 ' 4 H 20 . The liquid diet con- 
tained 4.65% lactose of 2.45% galactose. The 
fat soluble vitamins were supplied as a com 
oil concentrate, 2 drops per week furnishing 
1.568 mg of a-tocopherol, 0.147 mg of 
2-Me- 1, 4-naphthoquinone, 0.35 mg of /S- 
carotene,t and 0.0098 mg of calciferol.! 

Four duplicate experiments, consisting of 
6 rats each, were set up at different intervals. 
The average weekly galactose excretion values 
obtained ivith each group are given inTable I 


2 Geyer, E. P., Boutwell, E. K., Elvehjem, C. A., 
and Hart, E. B., /. SM. Chem., 1945, 163, 251. 
sNieft, AI. B., and Benel, H. J., Jr., J. Biol. 

Ghent., 1947, 1<57, 521. , , , , t,-.- 

4 Oseood E. B., A Xcxthooh of LaUratonj Diag- 
nosis with ’cUmcttl Applications for FracUUoners 
and SUtdenis, Philadelphia, 1935, 301. 

) 90% ff-carotene and 10% o-carotene. 

* Crystalline irradiated ergosterol. 


The studies were repeated on :ats with 
hepatomas,? induced b}' p-dimethylaminoazo- 
benzene or m'-methyl-p-diaminoazobenzene.® 
The hepatomas were ascertained by palpation. 
The results of these tests are presented in 
Table TI. 

Discussion. The urinary excretion of galac- 
tose in the weanling rat was lower than that 
of the adult animal on the skim milk diet. 
The excretion values (Table I) increased 
during the fifth and sixth iveek until the 
rate of exxretion of the adult rat was reached. 
During the first few days on the liquid diet 
slight weight losses were observed in each 
group of rats, but thereafter slow growth oc- 
curred. Diarrhea was surprisingly absent in 
most of the young animals. IVhen present, the 
excretion value was omitted due to unavoid- 
able contamination of the urine sample. 
.Aifter 3 or 4 weeks on the e.xperimental diet, 
55% of the young rats had developed an 
opacity of the lens. This incidence was sur- 
prisingly high. Krewson cf af.® had reported 
that the lactose content of skim milk alone 
was not great enough to produce cataracts. 
Their work differed from this in that their 
rats were beyond the weanling stage, weigh- 
ing 80 to 100 g. 

-Adult hepatoma rats fed the skim milk 
diet showed excretions of galactose varying 
from zero to the amount excreted by 
normal adult rats. A slow increase in ex- 
cretion was noted in Rats 1 and 5 from 
Groups 2 and 3 respectively. Autopsy of 
these 2 animals showed no evidence of hepa- 
toma. The high mortality of the tumor ani- 
mals tended to obscure the results and pre- 
vent the completion of most of the experi- 
mental runs. 

The lower excretion in the weanling and 
tumor rats approximates that obtained when 
3 or 4% of fat is incotporated in the milk. 

4 The hepatoma animals irere obtained tbrougli 
the courtesy of Hr. 0. A. Baumann and coworkers. 

5 Euscli, H. P., Baum.ann, C. A., SliUer, J. A., 
and Kline, B. E., A. A. A. S. Dcsearch Conference 
on Cancer, 1944, 207. 

0 Krewson, C. F., Sehantz, E. J., Elvelijcui, C. A., 
and H.art, E. B., Pr.oc. Soo. Exn. Biol, .ixd IIed., 
1939, 42, 573. 
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000,000 units ciTStnlline pcnicUlin dissolved in 0 cc distilled ivatcr injected rapidly into 
right brachial vein through an IS-gauge needle. 

trated solution into the brachial vein were as 
great as those that could be obtained by 
introducing the penicillin directly into the 
right side of the heart. In the animals, in 
addition to e.xtremely high levels in the 
aorta immediately following injection there 
were found' unusually elevated peripheral 
blood levels. Xo untoward manifestations 
super\'ened when one million units of crystal- 
line penicillin, dissolved in 5 cc of distilled 
water, were injected as rapidly as possible 
through a large (IS gauge) needle into the 
brachial vein of a dog weighing IS kg 
(55,600 units/kg). A continuous electro- 


cardiogram taken before, during and follow- 
ing the injection failed to show any alterations 
in rate, rhythm, or contour of the complexes. 

Following these preliminary e.xperiments, 
the method was applied to patients. The first 
patient received one million and the second, 
2 million units of crj'stalline penicillin, dis- 
solved in 5 cc of distilled water. The solutions 
were injected rapidly into the right ante- 
cubital vein through a 15-gauge needle, the 
injection being completed within 5 seconds. 
Xo clinical or electrocardiographic abnormal- 
ities were noted. 

The levels of penicillin in the aortic blood 
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any evidence of liver tumor. Whether co- 
incidental or not, the influence of the liquid 
skim milk diet on the resolving of hepatomas 
and other related disturbances is ivorthy of 
investigation. 

Conclusions. The urinary e.\cretion of 
galactose in the young rat is lower than that 


of the adult animal when a supplemented 
skim milk diet is fed. 

On such a diet, adult rats, with hepatoma 
induced by azo di'es, e.vcrete a lower per- 
centage of galactose in the urine than do 
normal adult rats. 
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A Method for Producing Sustained High Penicillin Levels in the Blood. 


F. H. King, S. S. Schneierson, M. L. Sussman, H. D. J.\nowitz, and L. Blum. 
(Introduced bi'' Gregorj'' Shwartzman.) 

From the First Medical Service and Division, of Daetcriology, Laboratories of Mount Sinai 

Sospital, Few MorV City. 


Improvement in antibiotic therapy may be 
expected if high penicillin levels could be 
maintained in the blood stream and tissues 
for prolonged periods. The required period 
of therapy may perhaps thereby be shortened 
and infections due to exceptionally resistant 
organisms may more readily be brought 
under control. Furthermore, high, sustained 
penicillin blood levels may result in tissue 
saturation and greater penetration of the 
drug into foci of infection.^ 

To date, efforts to achieve prolonged levels 
consisted in the employment of two methods, 
(a) the use of oil, wa.x and other menstrua 
to dela}' absorption of penicillin introduced 
into a local depot and (b) the use of drugs 
capable of delaying the ordinarilj- rapid ex- 
cretion of penicillin through the kidnei's, 
i.e. para-aminohippuric acid,- and carona- 
mide.^ Caronamide (4'-carbo.x}phenyimeth- 
anesulphonanilide) has been shown by Beyer-* 
to have an inhibitory effect on the renal 
tubular e.xcretion of penicillin. In addition, 
attempts have been made to obtain high levels 
by continuous intravenous drip and by the 


1 Gerber, I. E., Shwartzman, G., and Eaelir, G., 
T A M A., 1946, 130, 761. 
o Beya-, K. H. EHppin, H. E., Terwe.v, W. E., 


periodic administration of large “booster’' 
doses of the antibiotic. The dose and speed 
of injection have been limited under the con- 
tinuous intravenous method because of 
thrombo-phlebitis. 

In this study, we have achieved sustained 
and unusually high levels of penicillin in the 
blood stream by the periodic intravenous in- 
jection of large doses of crystalline penicillin* 
when caronamidet was used as an adjuvant 
to block rapid e.xcretion through the kidney. 

Initially it was planned to obtain high 
intracardiac levels of penicillin by introduc- 
ing the drug through an intracardiaC catheter 
passed into the right ventricle or pulmonary 
artery. Preliminary experiments on dop 
demonstrated, however, that the levels! in 
the aorta achieved bj^ rapid injection of 
equally large doses of penicillin in concen- 

* Sodium and calcium salts of crystalline peni- 
cillin kindly supplied by Sclienley Labor.aforics, Zac. 

t Kindly supplied by Sharp and Dohme, Inc. 

} The method of ponicilliu ass.ay employed is a 
broth tube dilution method using Staphylococcus 
aureus H as the test organism and fresh meat 
extract broth as the medium. The minimal con- 
centration of the standard penicillin required to 
inhibit the inoculum of 5 x 102 Siaphi/lococcus 
aureus H cells was 0.02 units per ml. The standard 
penicillin ivas obtained from the U. S. Department 
of Agriculture. All titrations of serum levels wore 
accompanied by and compared with this standard. 
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TABLE II. 

Peripheral Blood Penicillin Levels in Units per ml After the Administration of 10 Million Units of 

Crystalline Penicillin in 10 Hours. 

One million units of crystalline peni- Ten million units of crystalline peni- 
cillin, dissolved in 5 cc distilled cillin, dissolved in one L. physiolog- 

water, rapidl)' inj. into right ante- ical saline, administered by slow in- 

cubital vein, hourly, for 10 hrs travenous drip in 10 hrs 

Patient 5 G 7 8 9 

Time Caronamide Caronamide No caronamide Time, hr Caronamide No carouamide 


After 1st injection: 


3 min. 

184 

184 

120 

1 

27 

20 

5 ” 

ICO 

120 

80 

2 

96 

32 

30 ” 

96 

88 

24 

3 

96 

48 

55 ” 

64 

64 

8 

4 

104 

40 





5 

112 

48 

-After 5tli inj. : 




6 

120 

40 

3 min. 

224 

228 

128 

7 

136 

32 

o ” 

208 

176 

96 

8 

128 

— 

30 ” 

104 

144 

24 

9 

128 

48 

55 ’ ’ 

72 

96 

— 

10 

136 

56 





lO’A 

128 


After lOtb inj. : 






3 min. 

280 

256 

120 




5 ” 

280 

240 

64 




30 " 

232 

240 

50 




00 ’ ’ 

208 

200 

16 




24 hr after start 

13 

0.7 

0.5 

24 hr after start 

8 

<.05 


patient treated with caronamide and in one, 
in the absence of the drug. 

No to.\-ic effects were noted in any of the 
cases studied. Bleeding and coagulation times 
and clot retraction remained normal. 

It is apparent from- these e.xperiments that 
higher peak levels are obtained and that high- 
er interim levels are maintained by the hourly 
rapid injection of a concentrated solution 
of crj'stalline penicillin than bj’’ giving the 
same amount of the antibiotic during the 
same period by means of the usual slow con- 
tinuous method of intravenous administra- 
tion. In addition, a summation effect is in- 
dicated by the levels recorded after the first, 
fifth and tentJi injections in patients No. 
5 and 6 who received caronamide. This in- 
dicates that the repeated hourly^ intravenous 
injection of such large amounts either still 
further reduced the renal e.vcretion rate or 
resulted in tissue saturation so that the fall 
of blood level by movement of the penicillin 
into the tissues ^vas reduced. 

The high levels of penicillin in the peri- 
pheral blood, just described, are the result 
of the hourly and rapid intravenous admin- 
istration of e.xtremely high dosage in combin- 


ation with inhibition of renal excretion by 
caronamide. The intraaortic peak levels are 
many times higher than those in the peripher- 
al blood when the antibiotic is injected rapidly 
in concentrated solution. It is believed that 
even higher sustained levels could be safely 
achieved by^ larger single doses. 

Studies are now in progress to detennine 
the effect of such high sustained levels in 
the peripheral blood and high aortic levels 
of penicillin upon the rapid sterilization of 
the vegetations in bacterial endocarditis and 
upon other acute and chronic local and gen- 
eral infections caused by refractory micro- 
organisms. It is also important to determine 
the effectiveness of this method in shortening 
the duration of therapy in these diseases and, 
perhaps, reducing the total amount of pen- 
icillin required. 

Simimary. A method for obtaining high 
sustained blood levels of penicillin is de- 
scribed. This consists in repeated large intra- 
venous doses of crystalline penicillin, injected 
rapidly, in patients receiving caronamide. 
Clinical applications are suggested 

We wisli to tli.ink IGss Bc-itrico Toharsky for 
capn1>te tcclmical assistance. 
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obtained from the descending aortic arch 
during operation, in a human subject \Yeigh- 
ing 58 kg were determined. At 1, 3, S, and 
10 minutes following rapid injection into the 
left antecubital vein of one million units of 
crystalline penicillin (17,300 units per kg) 
dissolved in S cc of distilled water the levels 
were found to be 480.0, 346.0, 320.0 and 106.6 
units per ml respectively. 

The peripheral venous blood levels were then 
studied in human subjects under the follow- 
ing conditions; one million units of crystalline 
penicillin dissolved in 5 cc of distilled water 
were injected rapidly into 3 patients prior to 
and, again later, following the administration 
of caronamide. For comparison the same dose 
was given intramuscularly in a control pa- 
tient, also preceding and following carona- 
mide administration. The results are given 
in Table I. In all patients receiving carona- 
mide the dose employed was 4 g orally ever> 
3 hours day and night starting 24 hours be- 
fore antibiotic therapy and continuing 
throughout the period of observation. 

As may be seen from Table I, a very high 
blood level still persisted one hour after each 
injection, especially when the patient was 
receiving caronamide. The peak level in the 
venous blood from the opposite arni was 
reached within the first 3 minutes and was 
equally high in patients under caronamide 
therapy and without it. There was a progress- 
ive fall during the 3 hours of obser\'ation, the 
most precipitous drop occurring during the 
first 30 minutes. At the 3-hour period the 

level in the patients receiving _ caronamide 

was 5 to 15 times higher than in the same 
patients without caronamide. 

It was thought that the high level s i 
present at the end of the first hour could e 
maintained or exceeded if the intravenous 
injection of the same dose was repeated hour \ ■ 
Table II shows the levels achieved in 3 pa- 
tients receiving rapid intravenous injections 
of one million units of penicillin hourlj for 
10 hours. Two of these patients received 
caronamide and one did not. Table II also 
shows the blood levels found after administra- 
tion of the same total dose (10 million units 
in 10 hours) by slow intravenous drip in a 
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TABLE I. 

Electrophoretic Analysis of Plasma Proteins. 


Case 

No. 



Normals 





Experimentals 



e — 

Alb. 

A 


Globulins 


' \ 

Alb. 

A 


Globulins 



Cl 

02 

|3 

4> 

\ 

y 

r 

Cl 

02 

/S 

4* 

y 

1 

58.5 

5.71 

7.38 

10.71 

5.98 

11.83 

57.3 

6.42 

7.74 

11.84 

5.76 

11.00 

2 

50.0 

5.80 

9.20 

11.10 

5.50 

11.90 

57.5 

4.10 

9.47 

13.38 

0.31 

9.28 

3 

57.2 

2.96 

9.98 

11.60 

8.90 

9.70 

53.5 

3.00 

10.70 

14.40 

8.75 

9.70 

4 

66.8 

4.46 

8.00 

11.24 

3.42 

6.09 

66.9 

6.37 

7.33 

10.85 

3.82 

4.77 

5 

57.8 

5.41 

10.80 

11.94 

5.40 

8.80 

57.S 

4.53 

11.83 

14.04 

4.76 

7.48 

6 

67.8 

4.24 

8.47 

9.54 

3.18 

6.71 

64.2 

6.00 

8.80 

9.74 

4.07 

6.61 

7 

55.9 

4.80 

10.77 

12.15 

6.25 

10.08 

56.0 

5.73 

7.29 

12.50 

6.25 

11.97 

8 

64.6 

4.98 

6.64 

11.00 

4.67 

8.15 

61.0 

6.67 

9.60 

11.92 

4.30 

6.38 

9 

61.1 

5.85 

11.99 

8.77 

0.43 

5.85 

62.7 

4.94 

10.64 

7.99 

5.70 

7.98 

10 

01.1 

3.97 

10.11 

11.55 

4.33 

9.04 

63.7 

4.24 

S.50 

11.89 

3.68 

7.92 

11 

01.7 

3.40 

7.71 

9.25 

5.24 

12.67 

61.4 

4.78 

7.97 

9.56 

4.78 

11.50 

12 

58.7 

3.30 

10.19 

12.28 

5.09 

10.48 

55.9 

4.54 

9.41 

11.37 

7.79 

11.04 

13 

08.3 

5.40 

7.04 

11.22 

3.85 

4.16 

66.6 

7.47 

7.7S 

9.98 

3.74 

4.36 

14 

58.3 

4.39 

9.86 

11.23 

7.12 

9.04 

56.0 

5.06 

9.11 

12.16 

7.60 

10.13 

15 

67.7 

5.32 

9.88 

9.51 

2.60 

4.94 

67.7 

4.30 

9.41 

8.06 

2.42 

8.05 

16 

62.3 

5.30 

13.26 

9.47 

5.69 

6.00 

61.2 

O.OS 

11.02 

11.79 

5.30 

4.56 

Avg 

61.5 

4.70 

9.45 

10.78 

5.23 

8.46 

60.6 

5.30 

9.13 

11.34 

5.32 

8.29 

Std. Dev 

4.17 

0.90 

1.70 

l.OS 

1.52 

2.51 

4.31 

1.07 

1.32 

1.90 

1.68 

2.39 

Std. Dev. of Clianges* 

A 


02 

d 


y 








1.45 0.83 

1.20 0.97 

0.76 1.09 






* Calculated for each component based on difference between normal and experimental ralues. 


was sufficient to fill the apparatus completely. 
Electrophoresis was carried out in the Longs- 
worth'” modification of the Tiselius'* ap- 
paratus. The patterns were photographed and 
projections (2.5X) were traced on bond 
paper. The area enclosed bj' the base 
line and the protein peaks was measured with 
a planimeter and equated to total protein. 
Each peak was measured separatel}' to deter- 
mine the individual proteins. IMobility meas- 
urements were made from the boundary' 
anomal)' of the pattern. A^Tiile both ascending 
and descending boundaries were compared 
and analyzed, only data from the descending 
boundaries is included.'® Changes in total 
protein content were checked refractometric- 
ally, and standardized against a sample of 
crj'stalline serum albumin dissolved in the 
buffer. No set of samples (normal and e.xperi- 
mental) showed a greater than 0.5% varia- 
tion in protein content by this method. 

Conditions of the electrophoretic e.\peri- 
ments were carefully controlled. The current 
was held at a value of 25 rt 0.5 milliamperes, 

10 Longswortli, L. G., CJicm. Sev., 1942, 30, 323. 

H Tiselius, A., Trans. Faraday Soc., 1937, S3, 
524. 


and was applied for 120 ±: 1 minutes. The 
ma.vimum variation of refractive increm.ent 
was ±: 0.0003. The conductivity of each 
solution was also measured, and the greatest 
difference observed in an}' pair of samples 
was dz 0.0004 ohms"'. In measurements of 
area b\" the planimeter, the sum of the areas 
or the peaks due to protein was 100 d: 
0.1%. This agreed with the measurement of 
the total area within the same limits. 

Results. The detailed anal 3 'sis of each 
experiment is presented in Table I. Average 
\-alue 3 agree well with those of other work- 
ers,'=-'3 and the standard deviations are also 
in fairlj’ good agreement. Differences between 
our results and those of others is largely due 
to the fact that we used the Pedersen" meth- 
od of area di\ision while others have used 
the method of Tiselius and Kabat.'^ The 

1 = Dole, V. P., J. Clin. Invest., 1944, 28, 70S. 

33 Bieler, 31. IT., Ecker, E. E., .and Spies, T. D., 
.1. Lab. Clin. Med., 1947, 32, 132. 

w Svedborg, T., and Pedersen, K. 0., The Vltra- 
ccntnfiigc, p. 290, O.xford University Press, Lon- 
don, 1940. 

13 Tiselius, A., and Kabat, E. A., J. Eip. Med., 
1939, 09, 119. 
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Effect of Acetylsalicylic Acid Ingestion on Electrophoretic Patterns of 

Human Plasma.*. 


R. L. Deyer, W. D. Paul, and J. I. Routh. 

From the Departments of Biochemistry and Medicine of the College of Medicine, State 
Vniversity of Iowa, Iowa City, Iowa 


In their work with the anti-clotting agent 
dicoumarol, Link et al} presented in vitro 
evidence that salicylic acid was a degradation 
product of the widely used antipyretic 
and analgesic acetylsalic}dic acid. Following 
the work of Link, Field- discovered that 
lactating rats, which normally have high 
levels of fibrinogen and prothrombin, suffered 
from hypoprothrombinemia after ingestion of 
dicoumarol; if dicoumarol was replaced by 
acetylsalicylic acid a much less severe hypo- 
prothrombinemia resulted. Rapoport and 
Guest® found a decreased sedimentation rate 
of erythrocytes in subjects receiving salicylic 
acid or its acetyl derivative, but admitted that 
their results may have been influenced by 
certain uncontrolled factors. They contended 
that the chief factor in regulation of sedi- 
mentation rates was plasma fibrinogen. This 
statement was confirmed by Allen et al.-,* 
however, these investigators found no hepatic 
pathology in dogs fed fatal doses of di- 
coumarol. It was claimed by Homburger® 
that salicylates produce a fall of plasma fi- 
brinogen proportional to total dose rather 
than to blood levels. His results are subject 
to question since they are based on a, study 
of only 3 patients, and these had metastatic 
carcinomas. It has also been claimed by 
Shapiro, Redish, and Campbell® that the in- 


* Aided by a grant from the Institute for Study 
of Sedative and Analgesic Drugs and Bristol Lab- 
oratories. 

1 Link, K. P., Overman, E. S., Sullivan, W. E., 
Huebner, C. P., and Scheel, L. D., J. Biol. Chem., 
1943, 147, 463. 

2 Field, J. B., Am. J. Physiol., 1945, 143, 238. 

3 Eapoport, S., and Guest, G. M., Proc. Soc. 
Exp. Biot,, and 3Ied., 1946, 61, 43. 

•4 Allen, E. V., Barker, N. W., and Waugh, J. M., 
J. Am. Med. Soc., 1942, 120, 1009. 

sHomburger, F., Am. J. Med. Sciences, 1946, 

211, 346. 


gestion of acetylsalicylic acid increases the 
clotting time of the blood. 

All of the work cited above was based either 
on the method of Quick' or of Culien and 
Van Slyke.® There are definite theoretical 
disadvantages in both of these. Quick’s meth- 
od measures clotting time, and depends on the 
addition of calcium and thromboplastin to a 
diluted plasma. The dilution is unphysiolog- 
ical and is also subject to salt errors.® In 
Cullen’s method a fibrin precipitate is 
weighed and analyzed for nitrogen ; the results 
are e.x-pressed as either prothrombin or fibrin- 
ogen. Since the stoichiometry of fibrin forma- 
tion in situ is not known, the method is at 
best somewhat equivocal. 

It appeared to us that electrophoresis might 
be applied advantageously to this problem, 
since it is capable of separating the plasma 
proteins with a minimum of denaturation and 
loss. While prothrombin is not ordinarily 
present in sufficient concentration to appear 
on an electrophoretic pattern, fibrinogen is 
a well defined component of such patterns. 

Materials and Methods. Samples of oxalated 
blood were obtained from normal healthy 
male and female subjects before and after a 
7-day period during which they ingested 4 g 
of acetylsalicylic acid per day. The plasma 
was diluted with 3 volumes of a barbiturate 
buffer (pH = 8.63, ionic strength — 0.1, 
sodium diethyl barbiturate — O.lN), and 
dialyzed at 2°-6°C for 3 days with daily 
change of buffer. Dialysis was performed in 
Visking casings. The final volume of buffer 

« Shapiro, S., Eedish, M. H., and Campbell, H. A., 
Proc. Soc. Exp. Biol, and Med., 1943, 52, 12. 

7 Quick, A. J., J. Am. Med. See., 1938, 110, 1658. 

3 Cullen, G. B., and Van Slyke, D. D., J. Biol. 
Chem., 1920, 41, 587. 

Deutsch, H. F., and Gerarde, H. "W,, J. Bu>l. 
Chem., 1946, ICC, 381. 
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what extent there is renal function in fetal 
rabbits and to attempt to measure the change 
in the renal excretion at birth and during the 
first few days of postnatal life. The rabbit 
was selected as our experimental animal be- 
cause of the convenience of its breeding 
habits, its short gestation period and the fact 
that, like man, it has only a vestigial al- 
lantois.'* 

Methods. Phenolsulfonphthalein was se- 
lected as our indicator of renal function be- 
cause it is rapidly excreted by tubular secre- 
tion as well as glomerular filtration.^ It has 
been widely used since 1910 as a clinical test 
of renal function in man and is relatively 
non-to.xic." Finally the method of quantitative 
estimation of this dye in body fluids is simple 
and accurate. 

A number of does were bred, each a 
single copulation, in order that young of 
known age could be obtained. Some of these 
does were anesthetized before term and the 
fetuses e.xposed while others were allowed to 
deliver in order that newborn of various ages 
could be obtained. In this manner a series 
of fetuses and newborn of known age covering 
the period from the 26th to the 42nd day after 
conception was obtained. Deliveries occurred 
between the 30lh and the 33rd da 3 ’s after 
conception. 

subcutaneous injection of one mg of PSP 
in a volume of 0.5 ml was adopted as the 
test dose. The percentage of this dose ex- 
creted into the bladder in one hour was deter- 
mined. 

In the fetal series 4 mothers were lightly 
anesthetized with 1.3 g of urethane per kilo- 
gram of body weight augmented with ether 
during the surgery. The uteri were exposed 
and a small opening made in each horn. 
Through these openings the urogenital papil- 
lae of 2 fetuses were tied off and the PSP 

1 Barclay, A. E., FranMin, K. J., and Pritchard, 
M. M. L., The Trial Cirriilatinii, Charles C. 
Thomas, Springfield, 111., 1D45. . 

2 Rowntrec, E. G., and Gernghty, .T. T., J. Tliarm. 
atitl Txp. Tlicrap., 1010, 1, 579. 

c Smith, II. \V., The FUpsioloriii of the Kidney, 
0.\ford L’nivcr.sity Press, New York, 1037. 

^ Windle, IV. P., Physinloijy of the Fetu.c, W. B. 
Saunders Co„ Philadelphia, 1940. 


injections made subcutaneously with special 
care to avoid leakage. Then the uterine in- 
cisions ivere sutured and the abdomen closed 
during the collection period. At the end of 
the hour the fetuses were removed, sacrificed 
and the bladder contents ivashed out for 
analysis. The survival of the fetuses as in- 
dicated by pulsation of the umbilical artery 
was taken to be a proof of the continued 
normal function of the placenta. 

In the newborn series there were 1 1 litters. 
Tests of the rate of excretion of PSP were 
made at dailj' intervals after birth. Each 
young rabbit was injected subcutaneously wdih 
the standard dose of PSP and suspended 
over a beaker. At the end of an hour each 
was sacrificed, the bladder contents added 
to any urine voided during the hour and ana- 
Ij’sed for PSP. 

Nine e.xperiments were carried out to deter- 
mine the placental transmission of PSP from 
maternal to fetal blood and vice versa. In 
one series the mother was injected intravenous- 
Ij' with 6 mg of PSP in one ml and the fetal 
blood tested after an interval of one hour 
for the presence of the dye. In the other series 
2 fetuses were injected subcutaneously, each 
with 3 mg of PSP in 0.5 ml volume. The 
mother was catheterized and urine collected 
for a period of one hour during which several 
maternal blood samples were taken. The ma- 
ternal and fetal blood samples were obtained 
by heart puncture. 

The concentration of PSP in the centri- 
fuged urine was determined with the aid of 
a photoelectric colorimeter on the properlj- 
diluted urine alkalinized with sodium carbon- 
ate. The plasmas were first precipitated with 
one part of saturated trichloracetic acid to 
S parts of blood, the supernatant portion 
alkalinized and the color estimated. This 
method measures only the fraction of the 
phenol red which is not bound to proteins 
but avoids the errors accompanjdng hemol 3 'sis. 

To test the influence of the anesthetic on 
the renal e.xcretion of the d 3 'e, some of the 
newborn were given 1.3 g of urethane per 
kg and the rate of their e.xcretion of PSP 
simultaneously compared with that of an 
unanesthetized litter mate. 
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latter of these methods introduces errors 
discussed by Svensson.^" 

Discussion. Our results indicate that for 
the 16 cases studied, none of the protein com- 
ponents accessible to electrophoresis shows 
any marked change. Particularly, only 4 of 
the 16 cases showed a loss of 0.5% in fibrin- 
ogen, while as many cases showed a gain of 
the same magnitude. Witts^" has published 
the statement that fibrinogen levels may be 
reduced 30% before prothrombin time is 
significantly prolonged. With respect to the 
earlier claims cited above, our results indicate 
that the change in clotting time and sedimen- 
tation rates following acetylsalicylate inges- 
tion is not due to marked changes in fibrino- 
gen levels. Actually, the presence of any 
large asymmetric molecule can change sedi- 
mentation rate regardless of protein con- 
centration.*®'*® tVhether this is due to an 
effect on protein surface charge or to chemical 
interaction is not known. Smith®" claims that 
salicylates are bound to some plasma proteins. 

Ham and Curtis®* have reported a very 

1C Svensson, H., .Arfc. Min. Kemi oak Geol., 1946, 
22A, 1. 

IT Witts, L. J., J. Path and Pact., 1942, 54, 516. 

IS Zozaya, J., Proo. Soc. Exp. Biol, aot Med., 
1937, 36, 182. 

1C Yardumian, K., Am. J. Clin. Path., 1937, 
7, 105. 


-careful study of the relation between hepatic 
function and plasma proteins. These authors 
concluded that plasma fibrinogen was an 
especially sensitive index of liver disease or 
dysfunction. They stated that in damaged 
livers the plasma fibrinogen was sharply de- 
creased. If these reports are correct then our 
results indicate that salicylates are not hepa- 
totoxic, and likewise, any effect of salicylates 
on prothrombin time is not reflected by cor- 
responding changes in fibrinogen levels. 

Summary. 1. Blood of normal subjects was 
examined by electrophoresis before and after 
ingestion of 4 g of acetylsalicylic acid per day 
for 7 days. Physical and chemical constants 
obtained were in good agreement with pub- 
lished values. 

2. No marked changes were observed in 
any protein components accessible to electro- 
phoresis. The conclusion is drawn that the 
effect of salicylates on blood clotting time 
and sedimentation rates of eiythrocytes can- 
not be due to a reduction of plasma fibrinogen, 
and that salicylates are probably not hepa- 
totoxic. 

20 Smith, P. K., Gleason, H. h., Stoll, C. G., and 
OgorzaJefc, S., P. P/iarm. and Step. Therap., ISiS, 
87, 237. 

21 Ham, T. H., and Curtis, E. C., Medicine, 1938, 
17, 413, 447. 
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Development of Renal Function in Fetal and Neo-Natal Rabbits Using 

Phenolsulfonphthalein.* 

R. C. Williamson and E. P. Hiatt. (Introduced by John H. Ferguson.) 
Prnm the Physiology Department, University of North Carolina School of Medicine, 

Chapel Bill, N. C. 


At birth mammals undergo tremendous 
lysiological adjustments in their respiration, 
itrition, circulation and excretion correlated 
ith the achievement of independence of the 
material circulation, Much attention has 


tCLAUA w- * - - 

from 

rersity of North Carolina. 


been directed toward the first 3 of the above 
mentioned adjustments but fewer physiological 
studies have been made on the development 
of an independent renal excretion. Most of 
the work reported indicates that there is 
some formation of urine in the terminal stages 
of uterine life.*-®'" It has been the purpose 
of our investigations to trj^ to determine to 
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of glomerular filtration and tubular secretion 
even in the mesonephros, but his work does 
not indicate the relative quantitj'- of materials 
excreted in the urine. That this avenue of e.x- 
cretion is not important so long as the placenta 
functions normally is indicated by the ob- 
serv^ation that fetuses can survive to term 
without kidneys or with obstructed urinary 
passages.^’®'® 

In considering the cause of the rather 
abrupt change in renal function which we 
have observed at the time of birth, one must 
consider both physiological and morpholog- 
ical factors. Hamilton, Woodbury and Woods® 
have measured the blood pressures of fetal and 
newborn rabbits. They find some increase in 
the S3’stemic arterial pressure at the time 
of birth and a gradual continuing increase 
to the adult level. This seems to be true of 
other mammalian fetuses as well.'-'*'® 1 

On the morphological side there are reports 
that the glomeruli undergo changes at the 
time of birth which render them more capable 
of filtration.®''® Gruenwald and Popper sug- 
gest that the fully developed visceral laj'er 
of Bowman’s capsule impairs filtration in 
the embrj'onic kidney.'® They believe that 
a rupture of this epithelial layer occurs at 

" Gersli, I., Contr. Emh., 1937, 20, 33. 

8 Potter, E. L., J. Fcdiat., 1940, 20, 08. 

9 Hamilton, W. F., Wooclbury, E. A., and Woods, 
E. B., Am. 3. Physiol, 1937, 110, 200. 

t Another possibility is suggested by the work 
of Truetta ct al {Lancet, 1940, 251, 237) who 
have described a physiological mechanism for 
diverting the renal blood flow from its normal 
course in such a way .os to render the renal cortex 
ischemic. 

10 Gruenwald, Peter, and Popper, Hans, 3. XJrol., 
1940, 43, 452. 


birth -with an expansion of the capillary loops 
of the glomerulus. 

The combined effect of the increase in 
blood pressure and the increase in filtering 
surface raa}^ cause the sudden increase in 
renal function obsert'ed at birth. The dye then 
e.xcreted would represent the sum of that 
filtered at the glomeruli and that secreted by 
the tubule cells, the dj^e secreted by the 
tubule cells being flushed out by the fluid 
filtered at the glomeruli. 

Our failure to find an}^ appreciable pla- 
cental transmission of PSP in one hour is at 
variance with the finding of Lell and Liber." 
These investigators found that 15 to 30% of 
a dose of PSP injected into rabbit fetuses 
could be recovered from the urine of the 
mother in a 6-hour period. This discrepancy 
with our results ma}”- be due to the difl'erence 
in the time interval if it is not due to differ- 
ences in the technique of injecting the fetuses. 

Summary. 1. Renal function in the rabbit 
as measured by phenolsulfonphthalein ex- 
cretion increases rapidly and regularly in the 
first 10 days after birth but does not e.xist 
to an important degree before birth. 2. At 
the end of 10 daj-s of postnatal life the rate 
of dye excretion is 100 times greater than 
the prenatal rate while the renal mass is 
increased less than 20 fold. 3. In one hour 
PSP does not traverse the rabbit placenta 
in either direction in appreciable amounts 
after the 26th day of gestation. 4. The 
effect of urethane anesthesia on the e.xcretion 
of PSP by newborn rabbits was found to be 
negligible. 


HLell, Wm. A., and Liber, K. E., Anat. Bee., 
1928, 38, 53. 



556 


Renal Function Changes at Birth 



26 28 30 32 34 36 38 40 42 44 
DAYS AFTER CONCEPTION 

I Fig. 1. 

The rate of escretion of phenolsulfonphthalein and the combined weiglits of the 2 kidneys in 
fetal and newborn rabbits of varying age. The rate of excretion (solid dots) is plotted as the 
percentage of a 1 mg subcutaneous dose excreted in one hour. The kidney weights (circles) 
are plotted in decigrams against the ordinate on the right. The absolute rate increase of excre- 
tion and renal mass is plotted in the small graph at the upper left, using earliest noted fetal 
excretion and renal mass values as bases. 

The kidneys of fetuses and newborn were creased less than 20 fold, 
removed and weighed after the excretion rate In the e.xperiments comparing litter mates, 
had been determined. one of which was anesthetized, there was 

Res 7 iUs. The excretion of PSP by the virtually no effect of the anesthesia on the 
fetuses in one hour was practically negligible '"^te of dye excretion. (Fig. 1) 
in spite of high plasma concentrations of the There was no appreciable transmission of 
dye and showed very little change between the dye across the placental barrier in either 
the 26th and the 30th day of gestation. (Fig. direction during one hour. 

1 ) The W'eight of the fetal kidneys also Discussion. It is well established that some 
showed little change during this period. renal excretion occurs in mammalian fetuses 

Following birth there was a regular increase as they approach term.-*’^’® Gersh has defined 
in the rate of excretion of PSP and in the qualitatively the beginning of renal e.xcretion 

kidney weight with increasing age. The in- in rabbit and other mammalian fetuses by 
crease in function was about 5 times greater histochemical technique." He found evidence 
than the increase in renal mass, i.c. the rate ^ H.urriet, Wells, u. J., and Evans, Gerald, 
of dye excretion at the end of 10 days post- proc. Soo. Exp. Biol, and Med., 1947, 64, 78. 

natal life was 100 times greater than the « Smith, C. A., ne Physiology of the xewhorn 
prenatal rate while the renal mass was in- Infant, Charles C. Thomas, Springfield, ni., 194.1. 
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Fig. 1. 

Scrum concentrations folloxving intramuscular 
injections of 1000 u/kg in eacli of 3 dogs. Baci- 
tracin rras injected at 0. 3. and 8 hours. 

e.\periment, blood samples taken trnni each 
dog were analyaed for their bacitracin con- 
tent. The data, shown in Fig. i. indicate 
that measurable concentrations of the drug 
following the 3 intramuscular injections per- 
sisted in the circulating blood for approxi- 
mately 13 hours of that day, leaving the blood 
free of circulating bacitracin for about 11 
hours out of the 24. 

At the end of the e-xperiment all animals 
were sacrificed. ?.Iacroscopic examination of 
organs and tissues revealed no significant 
changes other than local induration at the 
sites of repeated intramuscular injection. 

IMicroscopic examination of the tissues re- 
vealed the following: In the kidney, the cells 
of the proximal and distal convoluted tubules 
showed eosinophilia of the cytoplasm. Oc- 
casional basophilic globoid bodies were found 
in the convoluted tubules and a moderate 
number in the loops of Henle and collecting 
tubules. An occasional collection of round 
and plasma cells was found in the stroma. 
In one dog (Xo. 156) there was a coagulum in 
the loops of Henle and the collecting tubules. 

The liver appeared to contain considerable 
glycogen. There was no evidence of cellular 
damage. The bone marrow was hyperplastic. 
The spleen showed large follicles and the pulp 
contained numerous macrophages with brown 
pigment and megakaryocytes. Xo significant 
changes were found. The thyToid appeared 
hyperplastic. The colloid was vacuolat^ and 
in places basophilic. Small nests of epithelial 
cells were found in dog Xo. 156. The musde 
at the site of injection showed edema and 


numerous polymorphonuclear leukocytes 
which extended between the muscle fibres. 

Experiments in Monkeys. After a control 
period of one to 3 weeks, during which time 
routine blood counts and urinalyses were per- 
formed, 5 monkeys were given bacitracin. 
Monkeys No. 1 and X'o. 44, each weighing 
3 kg, were given 1500 units of bacitracin, 
lot No. B-lOO, per kg of body weight morn- 
ing and evening for 5 days of each week. On 
weekends the total dose of 3000 units per 
kg was given at one time. All injections were 
given into the posterior muscle group of the 
right thigh, thus concentrating any local 
effect there might be. In order to compare 
the effect of 2 different lots of bacitracin, 
monkeys No. 2, No. 30, and No. 46 were 
similarly dosed with bacitracin lot No. B-102. 
The animals in both groups were dosed for 
37 and 39 consecutive days, respectively. 

During the period of treatment, blood 
counts were performed at approximately w'eek- 
ly inten’als. The red cell counts showed no 
significant variation from those of the con- 
trol period. One monkey. No. 1, showed a 
definite leukopenia. This animal, at autopsy, 
e.xhibited wddespread nodular lesions, even 
though all animals were tuberculin negative 
at the outset of the e.xperiment. The white 
counts in the other 4 animals remained in 
the normal range. During the period of treat- 
ment 3 of the 5 monkeys showed a fluctuating, 
but definite eosinophilia. In contrast with 
the normal data reported by Downey^ all 
animals during both the control and treatment 
oeriods showed a lymphocy'tosis. 

Urine samples were collected in metabolism 
cages and were, therefore, subject to errors 
of contamination. Nevertheless, it is of in- 
terest to note that the urine samples were 
negative for albumin and sugar during the 
control period, but after the animals had 
been on test for 3 weeks, albumin appeared 
in the urine of 4 of the 5 monkeys. Sugar 
appeared in the urine of all 5 animals in 
amounts graded qualitatively from 1 to 3 
plus. 

Blood suga r (71 and 62 mg %) and non- 

■> Downey, 11., Uandbool: of Hematology, P. B. 
Iloeber, Xcw York, 193S. 
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Some Pharmacological Characteristics of Bacitracin 
III. Chronic Toxicity Studies of Commercial Bacitracin in the Dog and 

Monkey.^ 

John V. Scum, Irving A. Coret, and Wili-iam Antopoe. 

From the Department of Pharmacology, College of Fhysicianx and Surgeons, Cohunhia 
University, New Yorlt City, and the Division of Laboratories, Newarlc Seth Israel 

Nospital, Newarh:, N.J. 


In earlier studies of the toxicity of baci- 
tracin,! nephrotoxic clianges were oberved 
in the mouse, but not in- the rat,^ In further 
studies' of the absorption, distribution, and 
excretibn of bacitracin in the dog,- no ap- 
parent clinical signs of renal toxicity were 
observed'. Because of these differences, it ap- 
peared desirable to study the toxicity of 
bacitracin further. The effects of prolonged 
daily administration of tlie antibiotic to dogs 
and monkeys were, therefore, investigated. 

Comparison of a number of samples of 
commercial bacitracin clearly indicated that 
the to.xicity varied independently of the ac- 
tivity* and since the toxicity was not altered 
by destruction of the active principle, it 
seems reasonable to assume that further puri- 
fication of bacitracin will lead to a lowered 
toxicity. Sample No. B-lOO Avas much less 
toxic than the others and Avas therefore used 
for the most part in the tests described beloAV. 

Experiments in Dogs. Three mongrel dogs, 
Avhich had been gwen bacitracin previously 
in the course of absorption and e.xcretion 
studies.' each weighing betAveen 7 and 9 kg 
Avere maintained on a stock diet of Friskiest 


* The work described in tliis paper was done 
under a contract between tlie Office of the Surgeon 
Gcnor.al and Columbia University. Administration 
o£ tlie contract Avns directed by Dr. Frank L. 


iSIelen'.y. 

t Bacitracin is the antibiotic discovered by John- 
son and associntes.3 The material used in this 
study was kindly furnished by Dr. John T. Gooriey 
of the Ben Venue Laboratories, Bedford, Ohio. 

a Scud), J. V., and AntopoJ, AV., Proc. Poo. E.xp. 
Bioi.. AND Med., G4, 503. 

Scudi, J. V., Clift, M. E., and Kruege.-, B., 
Proc. Soc. exp. Biou AND Med., 1947, <55, 9. 
t Carnation Comp.any, 450 Seventh Avenue, New 

York, N.Y. 


dog meal and AAmter ad libitum for a period 
of 28 days. During this period, control blood 
counts were performed on each dog at ap- 
proximately AA'eekly intervals. The data ob- 
tained Avere Avithin normal limits. During this 
control period, samples of urine Avere negative 
for sugar and albumin, and microscopic exam- 
ination of the sediment Avas negative. After 
this period of observation, 1000 units® per 
kg body weight of bacitracin, lot No. B-lOO, 
Avere administered intramuscularly 3 times 
daily for 5 days of each Aveek. On Saturdays 
and Sundays 2 doses of 1500 units per kg 
each Avere given. The antibiotic, in 2 to 3 cc 
of Avater, Avas injected intramuscularlj' using 
a different limb for each injection. The ani- 
mals received treatment for 24 days. During 
this period, blood counts AAvre performed at 
approximately Aveekly intervals. The red cell 
count showed no significant A'ariations from 
the normal. One dog exhibited a moderate, 
persistent leukocytosis (15,000 per mm®) 
Avith an increase in the polymorphonuclear 
leukocytes (average, 87^). The other dogs 
showed normal total leukocyte counts Avith an 
increase in the polymorphonuclear leuko- 
cytes (83%). Urinalyses disclosed no sig- 
nificant abnormalities. Blood sugar (SO to 
95 mg %) and non-protein nitrogen analyses 
(30 to 48 mg %) after 10 and 23 days of 
dosing, disclosed no significant changes e.x- 
cept in one dog in AA’hich the non-protein ni- 
trogen ranged from 55 to 66 mg %. Without 
control observations, this cannot be un- 
cquK'ocally attributed to the influence of the 
antibiotic. There AA'ere no appreciable changes 
in body w'eight. On the last day of the 


3 Johnson, B. A., Anker, II., and Aleleney, F. L., 
Sric/Wff, 1945 j 102^ 376, 
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shaved abdominal skin of each of 5 rabbits 
with no visible reaction within the ensuing 
4 days. 

A solution of 1200 units of bacitracin per 
cc of normal saline at pH 7.0 was instilled into 
the conjunctival sac of rabbits and the lids 
were held closed for 2 to 5 minutes. Even 
though the residual solution was not washed 
out, only faint evidences of irritation were 
noted in each of the 5 rabbits used. The faint 
reddening of the conjunctiva disappeared with- 
in 4 hours in all animals. 

It is to be noted that the foregoing results 
were obtained with relatively impure com- 
mercial bacitracin concentrates as currently 
produced. Somewhat different results may be 
obtained wnth pure materials. 

Summary. 1. Following prolonged daily 
administration of crude bacitracin concen- 
trates in dogs and monkeys, no significant 
changes in blood morphology were obser\'ed. 
2. Injection of bacitracin solution (6000 units 


per cc) into the shaved abdominal skin, and 
instillation of bacitracin (1200 units per cc) 
into the conjunctival sac of the rabbit caused 
little irritation. 3. Repeated intramuscular 
injection of 1000 units of bacitracin per kg 
3 times each da}* for 23 days into the dog 
produced local induration. 1500 units per kg 
twice a day for 45 days in the same area in 
monke 3 's produced both induration and small 
areas of necrosis. 4. In the dog, urine samples 
remained negative for sugar and albumin 
while in the monkey, sugar and albumin ap- 
peared in the urine as the animals continued 
on t'est. 5. Large doses of bacitracin, approxi- 
mating the LD 50 , produced damage to the 
renal tubules, with tubular necrosis in the 
mouse. In the rat and the dog, the lesions 
were, insignificant, while in the monkey, 
necrotic cells were found in two instances 
only, and then in comparatively insignificant 
numbers as contrasted with the mouse. 
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Comparison of Intestinal Lengths and Peyer’s Patches in Wild and Do- 
mestic Norway and Wild Alexandrine Rats.* 


From the Psychoiiotogicat Lahoratory, Phtpps 

The two most common species of rats in 
the world, the Norways and the Alexandrines 
or roof rats, have very different resistance to 
poisoning with alpha naphthyl thiourea 
(AXTU ) and show very different symptoms. 
.•Ilexandrir.es have an LD;o of 250 mg/kg 
which is more than 30 times as high as the 
LD:,o of the Xonvays, 6.9 mg/kg.^ Further- 
more, in Uie latter species ANTU produces 
a marked pulmonary edema and pleural ef- 
fusion, while in the former species it causes 

* This work w.is begun under a grant from the 
Rockefeller International Health Board and com- 
pleted under a grant from the Public Health 
Sen-icc. 

t Dickc, S. H., and Richter, C. P., Pr.oc. Soc. 
Exr. Bjol. axj> Med., 1940, C2, 92. 


Clinic, Johns HopUns Eospitah 

no detectable change in the lungs or in any 
other organs.- At present these species differ- 
ences in toxicity and physiological effects 
remain une.xplained. The obsen'ation- that 
herbivorous animals such as rabbits, guinea 
pigs, meadow mice, prairie dogs, ground 
squirrels, and monkeys have a high resistance 
to AXTU poisoning and show no lung effects, 
while carnivorous or omnivorous animals such 
as dogs and pigs do show a marked pulmonary 
edema and pleural effusion and a relatively 
low resistance, may throw some light on this 
problem,! The Alexandrine rat superficially 
resembles the Norway rat; often inhabits the 
same houses and buildings; and in general 

2 Richter, C. P., J. A. M. A., 1945, 129, 927. 


Curt P. Richter and Charles E. Hall. 

Psychiatric 
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protein nitrogen (31 and 32 mg fo) analyses 
in 2 monkeys just prior to the termination of 
the experiment were within the normal range, 
(sugar 60'S0 mg % and non-protein nitrogen 
30-40 mg %). Approximately 2 to 5 hours 
after the last dose of the drug just before 
the animals were sacrificed, samples of blood 
and spinal fluid were withdrawn and analyzed 
for their bacitracin content. The blood con- 
centrations were 6.6, 0.75, 0.18, 8.1, and 6.6 
units per cc and the spinal fluid concentra- 
tions were 0.34, .009, .08, and .34, and .34 
units per cc, respectively, indicating that the 
antibiotic does not readily pass the blood 
brain barrier in the normal monkey. 

Gross examination of the organs revealed 
in monkey No. 1, firm grey nodules 1 to 5 
mm in diameter in the lungs, liver, spleen, 
kidney, and heart. The kidneys of the other 
monkeys were moderately enlarged and 
edematous. The cut surface lipped over the 
capsular edge. The capsule stripped with 
ease, revealing a smooth surface. The kidneys 
exhibited a diffuse deep yellow color with an 
orange tint. The muscle at the site of in- 
jection was edematous and, in places, there 
were small areas of necrosis. No other gross 
abnormalities were noted. 

Microscopic examination of the kidney in 
the monkeys disclosed prominent epithelial 
elements in the glomeruli; and, in some cases, 


monkey No. 44 there were foci of a sub-acute 
pneumonia. The testes showed no spermato- 
genesis. Since the age of the animals is un- 
known, this finding cannot be evaluated. The 
thyroid in monkey No. 1 showed slight 
glandular hyperplasia. The intestine in mon- 
key No. 30 was ulcerated and showed a 
granulomatous reaction in the wall, and para- 
sites resembling oxyuris were found in the 
lumen. In the adrenals, the reticularis was 
dense. The muscle at the site of injection con- 
tained collections of round cells and pol}'- 
morphonuclear leukocytes which extended 
for a considerable distance between the muscle 
fibres. Small areas of necrosis were present. 
In monkeys No. 1 and No. 2, sarcosporidia 
were found. 

In monkey No. 1 the nodules in the lung, 
liver, spleen, kidney, and heart were granu- 
lomatous and contained numerous epithelioid 
cells. No acid-fast bacilli or other organisms 
could be demonstrated in the tissues with 
Ziehl-Neelsen stain. The etiological factor for 
these lesions was not ascertained. 

In contrast with the striking kidney lesions 
in the mouse, ^ the kidney in the rat^ and the 
dog did not vary appreciably from the 
normal. The renal lesions in the monkey were 
insignificant in comparison with those of 
the mouse. 


these contained an abundant clear cytoplasm. 
The cytoplasm of the convoluted tubules w'as 
eosinophilic (hematoxylin-eosin stain). There 
was coagulum in the loops of Henle and the 
collecting tubules; at times, globoid bodies 
were present. In the loops of Henle some of 
the cells were vacuolated. In the tubules of 


monkeys No. 1 and No. 2 necrotic cells could 
be found only very infrequently. No necrotic 
cells were found in the kidneys of any of 
the other monkeys. There was an occasional 
collection of round cells in the medulla. No 
excess fat could be demonstrated by Sudan 
stains in frozen section. Best’s carmine stain 


revealed no glycogen. 

The liver contained considerable glycogen. 
No cellular damage was seen. The spleen 
showed no significant changes. The bone 
marrow was hyperplastic. In the lung 


Additional Experiments. Since bacitracin is 
harvested from bacterial cultures, it was of 
interest to determine whether or not the 
crude materials at hand were anaphylacto- 
genic. -Accordingly, attempts were made to 
sensitize each of 6 guinea pigs with 5 mg 
(150 units) of bacitracin administered sub- 
cutaneously as a single dose. One month 
later a shocking dose of 10 mg (300 units) 
was administered intracardialh^ with no evi- 
dences of anaphylaxis, but additional experi- 
ments would be required to demonstrate that 
none of the phenomena of anaphylaxis can 
be caused by bacitracin. 

Bacitracin solution (lot B-lOO at a con- 
centration of 6000 units per cc of distilled 
water) was injected intradermally in doses of 
.05 and .10 cc into different areas of the 
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I ENGTH OF INTESTINES 



gOOT WEIGHT m 


A B 

Pia. 1. 

Graph showing the relation between the length of the gastro-intestinal tract and body weight. 
lA. Small intestines. IB. Large intestines. 



Fig. 2. 

Photograph of typical Peyer’s patch. Intestine filled with hematoxylin. 


domestic Nonvaj' 349 g; and the heaviest 
Alexandrine 248 g. 

Fig. la shows that the Norway rats, both 
wild and domestic strains, had definitely 
longer small intestines than did the wild 
.Alexandrines. In the 200-249 g range the 
small intestines of the Norways had an 
average length of 113 cm while those of the 
wild Alexandrines averaged only 98 cm. The 
small intestines of the domestic Norway were 
of essentially the same lengtli as those of its 


wild congener in all weight ranges investi- 
gated up to 300 g. 

Figure lb shows that the reverse relation- 
ship holds for the length of the large intestines. 
The wild Ale.xandrines had definitely longer 
large intestines than did either the' wild °or 
domestic Norwaj-s. For the 200-249 g weight 
group the length of the large intestine aver- 
aged 23.0 cm for the wild -Alexandrines, and 
only 16.0 and 16.5 cm respectively for the 
wild and domestic Nonvays. Here again the 
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also lives in close association with man and 
man’s food. It may, however, belong to the 
herbivorous group of animals listed above, or 
at least when compared to the Norway it may 
have a more herbivorous diet. Many workers 
who have observed the Alexandrine rat in the 
field believe , that it does have a predom- 
inately herbivorous diet. 

To throw some light on these questions we 
have now undertaken several comparative 
studies on Alexandrine and Nonvay rats. 
Some of these studies are anatomical, con- 
cerned with physical characteristics, while 
others are behavioristic, concerned withi die- 
tary selections. The present report deals with 
a comparison of the gross anatomical char- 
acteristics of the intestinal tracts of these 
two species of rats; the lengths of the small 
and large intestines and the number of Pey- 
er’s patches on the small intestines. Intestinal 
lengths were selected for examination since 
it is well known that in general herbivores 
have longer large Intestines than do carnivores 
or omnivores, and often shorter small in- 
testines.®-^ The laboratory or domestic Nor- 
way differs anatomically and physiologically 
in a number of ways from its wild Norway 
counterpart, so it was also included in the 
present study. Our observations were limited 
to the wild form of Ale.xandrine rats because 
these rats have not been domesticated. 

Methods. The wild Norway rats were 
trapped in Baltimore and surrounding farms 
by the City Rodent Control Department and 
the Rodent Ecology Division of the School 
of Hygiene of the Johns Hopkins University. 
Almost all of the wild Ale.xandrine rats came 


t Cats, whicli definitely belong to the carniTorous 
group of animals, show all of the lung effects that 
are found in rats, pigs, and dogs, hut they do not 
have as low an LD 50 , at least when they receive 
the ANTtr by stomach tube. Their ready abiUty 
to vomit may expl’’^’^ higher LDso- tVe have 
not determined the parenteral LD-.o. 

SEuddenbroek, W. von, Gnindriss der vergleich- 
dutcn vhysiologie, Berlin, 1928,1?. 650. 

j TiiW-ps H H., Jdie Fhystology of Vomestic Ant- 
Jls Sedition, Comstock Publishing Co., 1937. 

IdJ M F Haralson, in charge of the Quaran- 
tine Station ;f the City of Baltimore, kmdly sup- 
pliqd us with these rats. 


from ships in the Baltimore harbor where 
they had been killed by fumigation.l Some 
of the domestic Nonvays came from our 
laboratory colony, descendants of a colony 
of Wistar rats established 20 years ago. 
Others came from the Carworth Farms, and 
still others from Dr. E. V. McCollum’s colony. 
The wild and domestic Norways were killed 
with ether. Within one hour afterwards the 
intestinal tract was removed, freed from all 
connections, washed, and evacuated. It was 
suspended over a strip of cross-section paper 
and then both were laid flat on a table. The 
location of the pyloric and cecal ends of the 
small intestine and the cecal and rectal ends 
of the large intestines were marked on 'the 
paper and measured. The location and size 
of the Payer’s patches were also indicated by 
dots on the chart paper. The size of the dots 
was made to conform roughly to the size of 
the Peyer’s patches. For the Alexandrine rat 
the technique was much the same e.vcept that 
the ratsjvere killed with cyanide gas and were 
not always autopsied within the first few hours 
after death; in a few instances they were not 
autopsied until 18 hours post-mortem. When 
not autopsied immediately they were kept 
in a refrigerator. To give a clear definition to 
the Peyer’s patches, particularly in very young 
rats, the intestines were in some instances 
filled with a 1% solution of hematoxylin 
which stained all of the walls of the intestines 
except the intestinal patches; in other in- 
stances the rats were given olive oil by stom- 
ach tube several hours before they were 
killed. 

Observations were made on 54 wild Nor- 
ways; 58 domestic Norways; and SO ivild 
Alexandrines. Each group contained ap- 
proximately the same number of males and 
females. 

Results. Intestinal Lengths. Fig. 1 sum- 
marizes the results of the observations made 
on intestinal lengths of the two strains of 
Nonva 3 r rats. The ordinates give intestinal 
length in centimeters; the abscissae body 
weight in grams. The rats were fairly evenb^ 
distributed over the total body weight range. 
The heaviest wild Norway that we could get 
for this study weighed 499 g; the heaviest 
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ent was comparable to that found in adult 
rats. 

Discussion. The results show that compared 
to the omnivorous or carnivorous Norway 
rats, the Alexandrine rat has a definitely 
shorter small intestine and a longer large 
intestine. Thus, according to these findings, 
the Ale.xandrine rat either belongs to the 
herbivorous group of animals, cr at least 
when compared to the Norway it must have 
a much more herbivorous diet. It should thus 
be able to utilize larger amounts of cellulose 
material. 

These findings in themselves do not prove 
that the Ale-xandrine rat is an herbivore. 
They will have to be substantiated by the 
results of dietary selection studies. They do 
indicate, however, that the high resistance 
of the Alexandrine rat to ANTU poisoning 
and its lack of any lung effects may depend 
on some factors which the herbivorous ani- 
mals have in common. The observation that 
the Alexandrine rats have only about half 
as many Peyer’s patches as do the Noni’aj's 
has an interest quite apart from any light 
that it might throw on the question whether 
or not the Ale.xandrine rats belong to the 
herbivore. The Peyer’s patches on the in- 
testines have been counted in a number of 
different animals, horses, cows, sheep, pigs, 
dogs, cats and rabbits. They range in number 
from 2-4 for cats to 180-320 for horses.® 
Kelsall® recently counted the number of 
patches in different strains of mice and found 
that the means varied from 6.3 in the C57 
black strain to 10.7 in the C3H strain, while 
intermediate groups including strains C, 
Swiss, and dba, had 8-9 Peyer’s patches. 
Clearl 3 ', in number of patches the mice show 
a much closer relationship to the Ale.xandrine 
rats (which had an average of 8.7 patches) 
than they do to the Norways with an average 
of 16-18 patches. 

Mice as well as the .Alexandrine rats ap- 
pear to prefer an herbivorous diet. They li%’e 
largeN on grain, flour, and cereal. This sug- 

cPatzclt, V., Handb. der iIil;ro. Anal, dcs 
Mcnscli., Julius Springer, Berlin, 193G, 5, 218. 

c Kelsall, M. A., Pnoc. Soc. Exp. Biol, and Med., 
191G, «1, 423. 


gests that a correlation may exist between 
the dietary habits and the number of Pe 3 'er’s 
patches, or indirectl 3 '' the total amount of 
Nmphoid tissue in the body. An association 
of a lower amount of h-mphoid tissue with an 
herbivorous diet however would not agree 
with the well-known fact that in general, 
herbivorous animals have more h'mphoid 
tissue than do carnivorous animals.” This dis- 
crepancy may result from the assumption 
that the number of Pe 3 ^er’s patches bears a 
direct relation to the total amount of Nm- 
phoid tissue in the body. Although in general 
appearance, behavior and habits, mice appear 
to be more closel 3 ’^ related to Ale.xandrine 
rats than they do to Norwa 3 ^s, they have a 
lower resistance to ANTU poisoning than do 
Alexandrines, and also show pulmonaiy'^ edema 
and pleural effusion. 

Kelsall® reported a direct correlation “be- 
tween the amount of intestinal lymphoid 
tissue, as measured by the number of Peyer’s 
patches, and the incidence of spontaneous 
mammary tumors.” She reported that in the 
strain of mice which had only an average of 
6.3 patches the incidence of tumors was very 
low, while in the breeding females of those 
with an average of 10.7 patches it was 95%. 
On this basis the Nora-a 3 ’- rats with their 
much higher number of Peyer’s patches 
should e.xhibit a higher incidence of tumors 
than do the Ale.xandrines. Our results show 
that domestic Norway rats have more Peyer’s 
patches than do the wild Norwa 3 -s. Il’e have 
no explanation for this finding. Previous 
e.xperiments have revealed other differences 
between tlie wild and domestic rats.®'^ In 
this connection one "of the most interesting 
differences is that the domestic rats have much 
smaller adrenal glands.^- This recession of 

r Eliricli, W. E., Ann. Kcw Tor]: Acad. Sc., 194G, 
4C, 823. 

8 Dieke, S. H., and Bichter, C. P., J. P/iarm. und 
Exp. Thera p., 1945, 83, 195. 

8 Fisli, H. S., and Bicliter, C. P., Peoc. Soc. Exp. 
Biol, and Med., 194G, 03, 352. 

10 Griffitlis, W. J., Jr., Science, 1944, 90, G2. 

11 Griffiths, W. J., Jr., Am. J. Physiol, 1947, 
149, 135. 

1= Bogers, P. Y., and Bicliror, C. P., in press. 
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PEYER'S PATCHES 

FREQUENCY DISTRIBUTION CURVES 



I’M. 3. 

Chart showing frequency distribution curves of Peyer’s patches. 
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Fio. 4. 

Drawing of 3 intestinal tracts from wild Alexandrines, domestic Norways, and wild Norways 
respectively, shonung distribution of Peyer’s patches. 


wild and domestic Nonvays had essentially 
the same intestinal lengths in all weight 
groups. 

Peyer’s Patches. Fig. 2 shows a photograph 
of a Peyer’s patch which is fairly typical 
for the two Norway strains and for the wild 
Ale.xandrines. The intestine of this rat w-as 
filled with the hemato.xylin solution. This 


patch contained 13 follicles. 

Fig. 3 gives the frequency distribution 
curves for the number of Peyer’s patches 
found in the 3 tjoies of rats. It shows that 
the Norway rats had many more patches than 
did the Alexandrine rats. For^ the Ale.x- 
andrines the average number and its standard 
Sror were 8.7 ± 0.19, for the wild Nonvay 
16 3-4- 0.31, and for the domestic Nonvay 
18^9 ± 0.37. The curves for the wild Ale.v- 


andrines and Nonvays showed almost no 
overlap at any point. Fig. 4 shows a typical 
distribution of Peyer’s patches on the small 
intestines of a w’ild Alexandrine, domestic 
Norway and wild Nonvay respectively. The 
sizes of the patches are drawn roughly to 
scale. In the wild Alexandrine most of the 
patches were usually found near the two ends 
of the intestine, while in the 2 Norwai’ types 
the patches were distributed at fairly regular 
inten'als throughout the entire length of the 
intestines. For all the 3 tjqies of rats the 
patches tended to become much larger in the 
lower third of the intestines. We were not 
able to establish any relationship between 
number of Peyer’s patclies and age or sex. 
At an age of approximately 1 S days when the 
patches first became visible the number pres- 
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TABLE I. 

Effect of Varying the Interval Between Hypo- 
physectomy and Gonadotrophin Injection on Ovula- 
tion in the Bat. 


His from 
hypophysectomy 
to injection 

No. of rats 
hypophysectomized 

No. of rats 
ovulated 

0 

6 

6 

2 

C 

5 

4 

9 

8 

6 

8 

7 

8 

12 

11 

10 

14 

6 

12 

8 

1 

19 

G 

0 

24 

5 

0 


duct, newly formed corpora lutea, and pre- 
ovulatory follicles. 

Results and Discussion. The results as 
summarized in Table I show that in a high 
percentage of the animals tested the mature 
follicles retain their ability to ovulate in 
response to an intravenous injection of chori- 
onic gonadotrophin provided the injection is 
made within 8 hours after the hj^pophysecto- 
my. If the interval between hypophysectomy 
and injection is extended to 10 or more hours, 
the percentage of animals which wall respond 


declines rapidly w'ith no animals responding 
after 12 hours. 

The data show that the pituitary is neces- 
sary for maintaining the mature follicles 
found in early proestrus so that they vill 
ovulate in response to a gonadotrophic stim- 
ulus. They also indicate that after hypo- 
physectomy the amount of the pituitary hor- 
mones responsible for the maintenance drops 
rapidly to a level in the blood below that re- 
quired to keep the follicles in a condition 
where they can be ovulated. 

It was found that the follicles in the ovar- 
ies of the rats injected 8 to 12 hours following 
hypophysectomy which failed to ovulate 
often showed a marked degree of luteiniza- 
tion, but when the interval was extended to 
19 hours or more luteinization did not occur. 

Summary. After an interval of about 10 
hours following hypophysectomy in early 
proestrus, the mature follicles in the ovary 
of the rat become refractory’^ to a single intra- 
venous injection of human chorionic gonad- 
otrophin but the ability of the follicle to 
luteinize is retained for a longer time. 


16159 P 

Statistical Evaluation of Growth Curves. 

0. L. Davies. (Introduced by^ H. B. Vicke^y^) 

From the Imperial Chemical Industries Limited, Biological Laboratories, Hexagon House, 
Blachlcg, Manchester 9, England 


In an article with the above title which 
appeared in this journal,* M’eil compares the 
growth cur\'es of groups of e.xperimental ani- 
mals subject to different treatments. Five 
treatments are compared against each otlier 
and a control, 30 rats are used for each treat- 
ment and the weight of each rat is determined 
at weekly inter\'als. Weil proposes a method 
of analysis in which he constructs a fre- 
quency distribution for each treatment taking 
all the weights of the rats over the period of 

1 Well, C. S., Pnoc. Soc. Exp. Bron. and JIed., 
1P47, «4, 408. 


the e.xperiment and then applies the chi- 
square test to examine differences between 
those frequency distributions for the various 
treatments. 

This is an oversimplified method of analy'sis 
and not a valid one. The fallacy lies in the 
tacit assumption that all the obserx-ations 
within each of the frequency' distributions 
are independent. Although the 30 rats in 
each group are independent, the repeat weigh- 
ings on each rat are certainly not so. In 
practically all biological work, the main 
source of variability lies between animals: 
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the adrenals might have resulted in an in- 
crease in l 3 anphoid tissue, since it is well 
knoira that after removal of the adrenals the 
thymus and other lymphoid tissue hyper- 
trophies. 

Summary. 1. Alexandrines or roof rats 
{Rattus rattus) have shorter small intestines 
and longer large intestines than do Norway 
rats (Rattus norvegicus). 2. The intestines 


of Norway rats have about twice as many 
Payer’s patches on the average as do those 
of Alexandrine rats, averaging 16-19 as com- 
pared to 9. 3. The intestines of domestic;Nor- 
way rats have more Peyer’s patches than 
do those of wild Norways. 4. Peyer’s patches 
first become visible when the rats reach an 
age of IS days. The number does not appear 
to change with age. 


16158 P 

Effect of Interval Between Hypophysectoiny and Injection of Gonadotro- 
phin on Ovulation in the Rat.* 

Roland IMeyer, .George B. Talbert, and W. H. McShan. 

From the Department of Zoology, University of Wisconsin, Madison, ITw. 


Hertz and hleyer' have shown that if 
young adult female rats are hypophysecto- 
mized during the first 2 hours of proestrus 
ovulation is prevented during the subse- 
quent 46-hour period. It was concluded that 
a hypophj^seal hormone (LH) is required 
for ovulation in the rat and that the quantity 
required is secreted subsequent to early 
proestrus. 


The work reported here was undertaken to 
determine how long after hypophysectomy 
mature follicles retain their abilit 3 r to ovulate 
in response to a single intravenous injection 
of human chorionic gonadotrophin, and is 
preliminarj'^ to a series of experiments de- 
signed to study the hormonal requirements 
for normal development of follicles and ova 
just prior to ovulation. 


Method and Materials. The 72 rats em- 
ployed in this experiment were 3- to S-nionth- 
old' virgin females of the Sprague-Dawley 

strain. . 

All hypophysectomies were earned out dur- 
ing the first 3 hours of proestrus using virtual- 


Committee 

the Graduate School from funds supplied hy the 
iseonsin Alumni Eesearch Foundation. 

1 Hertz, Boy, and Meyer, E. K., Bboc. Soc. Exp. 
[OL. AND Med., 1946, CS, 71. 


ly the same technique described by Hertt 
and IMeyer.^ 

The intravenous injections of the purified 
human chorionic gonadotrophin, prepared es- 
sentially by the method of Gurin, et al.^ were 
given in one of the tail veins with the ex- 
ception of a few injections which were made 
into the heart. Fifty and 100 y doses of the 
dry powder in an alkaline saline solution at 
a concentration of 100 y/cc were given 
but since the results for the 2 doses were 
comparable, they have been combined in 
Table I. The timing of the injections in re- 
lation to hypophysectomi' is also shown in 
this table. 

Autopsies were carried out 30 to 50 hours 
after the injections allowing ample time for 
all the ova which had ovulated to reach the 
oviduct. The sella was e.xamined with magni- 
fying spectacles to determine if the hypo- 
physectomy had been complete. The ovaries 
and oviducts ivere removed and fixed in FA.A 
or Zenker’s solution. 

Serial sections of one ovarj' and oviduct 
from each rat were made and stained with 
hemato.xj’lin and eosin. The sections were then 
examined for the presence of ova in the ovi- 

- Gurin, S., B.nclim.un, O,, and Wilson, D. W., 

J. Biol. Chem., 1939, 128, 525. 
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An Experimental Study of the Cerebral Coproporphyrin in Rabbits.^ 


Edith Ju-Hwa Chu akd Cecil James Watson. 

From the Department of Medicine, Vniversity of Minnesota 


Kliiver's discovery of the presence of small 
amounts of coproporphyrin in the central 
nervous system of warm-blooded animals'" 
raised the question whether there might be a 
relationship between this porphyrin and the 
increased urinary coproporphyrin in condi- 
tions such as lead and arsenic poisoning, which 
are characterized both by injury of the 
nervous system and by marked copropor- 
phyrinuria. It is well known that in heavy 
metal and chemical poisoning the excess 
urinary coproporphyrin is the type III iso- 
mer.® Preliminary studies by Kluver,'* and 
in this laboratory, with the differential pre- 
cipitation, or "fluorescence quenching” tech- 
nique®'® indicate that the coproporphyrin of 
the nervous system is likewise the type III 
isomer. Hence it seemed desirable to deter- 
mine the coproporphyrin concentration in 
the brains of rabbits suffering from acute 
lead poisoning. 

Hitherto, quantitative data on the copro- 
porphyrin of the central nervous system have 
not been reported, nor has a quantitative 
method of determination been described. The 
method devised for use in the present study 
combines certain features of procedures pre- 
viously described for urinary coproporphyrin® 
and erythrocyte protoporphyrin.' The pro- 

* Aided 'by grants from the Jolm and Jlaxy B. 
Marklo Foundation, New York City, and tlie Med- 
ical Rcscarck Fund of the Graduate School, Uni- 
versity of Minnesota. 

1 Kluvor, H., J. Psychol, 1944, 17, 209. 

- KUiver, H., Science, 1944, 09, 482. 

3 Watson, C. J., and Larson, E. A., Physiol Pcv., 
1947 , 27, 478. 

■4 KUiver, H., personal communication. 

a Schwartz, S., Hawkinson, V. E., and 'Watson, 
C. J., Science, 194C, 103, 33S. 

c Schwartz, S., Hawkinson, V. E., Cohen, S., and 
Watson, C. J., J. Biol Chcni., 1947, 108, 133. 

" Grinstcin, M., and Watson, C. J., J. Biol Chenx., 
1943, 147, G75. 


Bospiiat, Minneapolis, Minn. 

cedure was briefly as follows: The entire 
rabbit brain was ground in a mortar, washed 
repeatedly with physiological saline solution 
to remove most of the blood, and then mixed 
with 10 ml of glacial acetic acid and 100 ml 
of acetone. The mixture was allowed to stand 
overnight with repeated shaking. It 'was fil- 
tered through cheesecloth and the residue 
was ground with additional amounts of glacial 
acetic acid and acetone, and finally' ivith 
ethyl acetate.! The residue -was pressed as 
dry as possible. The combined filtrate ■was 
mixed with an equal volume of distilled water 
and extracted 4 times with ethyl acetate. The 
latter was extracted 4 times w'ith 15 ml por- 
tions of 10%HC1. The acid extract was made 
negative to Congo red paper by addition of 
saturated aqueous sodium acetate solution, 
and the solution was extracted 4 times with 
ethyl acetate after a few ml of glacial acetic 
acid had been added. The combined ethyl 
acetate extracts were washed with water and 

TABLE I. 

Cerebral Coproporpliyrin in Normal Babbits. 


7 of 

Wt of brain coproporphyrin 
No. in g (Total content) 7/g brain 


1 

8.1 

.3 

.037 

2 

9.1 

.225 

.025 

3 

8.5 

.57 

.067 

4 

8.3 

.30 

.036 

5 

8.0 

.27 

.034 

0 

7.6 

.345 

.045 

7 

9.0 

.225 

.025 

8 

S.7 

.225 

.026 

9 

8.0 

.30 

.038 

10 

7.7 

.18 

.023 


Avg .0356 

t More recently it has been found advantageous 
to grind and extract the brain with glacial acetic 
acid and ethyl acetate (1:10), on a sintered glass 
filter; several such extractions obviate the necessity 
of preliminary extraction with acetone and the 
period of standing in contact with it. (C. J. IV.) 



568 


Growth Curves 


repeat determinations per animal will result 
in more precise measurement for the individual 
animals, but will not reduce the effect of 
the basic variability between the animals. 
Applying the chi-square test in the way pro- 
posed by Weil may grossly overestimate the 
significance of the differences between the 
treatments. 

There are valid methods of comparing 
growth curves of the type considered by Weil. 
These are indicated in broad outline in this 
note and a more detailed account with nu- 
merical examples will be published elsewhere. 

In his paper, Weil considers the t-test 
applied to the weights after a given time, 
e.g. weights after 12 weeks. Provided the 
apportionment of the animals between the 
groups has been carried out in a strictly ran- 
dom manner, this method of test is valid. 
It may not be the best since it does not make 
use of the earlier weighings. Some improve- 
ment would probably result if the final weights 
are corrected for the variations in the initial 
weight of the rat (or any other characteristic 
which may be correlated with the final 
weight). The method to use here is the co- 
variance method discussed by Fisher.- 

A more complete method would be to fit 
regression lines, such as by the method of 
least squares, to the growth curve of each 
rat using, if required, a simple transforma- 
tion to the time scale and weight scale in order 
to produce a simple curve. We may apply 
the method of the previous paragraph to 
estimates of the weight of rat obtained from 
the fitted lines at any given time. We could 
go further if desired and assess the signifi- 
cance of the differences between the constants 
of the fitted curves. For example, in the case 

2 Fislier, E. A., Staiisiical ileihods for Research 
Worl-ers, Nintli Edition, Oliver & Boyd, Ltd., Edin- 
burgh and London, 1944. 


of the slope of the curve, we adjust this slope 
(if required) for the estimated initial weight 
of each rat and calculate the significance of 
the effect of treatments on the adjusted slopes 
by Fisher’s method already referred to. If 
the growth curves have been transformed 
into straight lines, this would represent a 
complete analysis. 

Sufficiently approximate results may often 
be obtained from curves fitted by eye. We 
could compare any property of the growth 
curves between groups, e.g., rate of growth 
at any given time, increase in weight between 
any given times, etc. 

When the growth curves cannot be con- 
veniently transformed into straight lines, 
these methods may have the disadvantage of 
not measuring the overall differences between 
the growth curves. A satisfactory method 
would be to read off from the fitted curves 
(by eye or by calculation) the estimated 
weights at the initial time and at two other 
times chosen to give a fairly adequate de- 
scription of the growth curves. We then apply 
the method of “discriminant function anal- 
ysis”^ to these pairs of weights. This gives 
the maximum discrimination between the 
treatments and at the same time, furnishes 
a satisfactory test of the significance of the 
differences between the treatments. When it 
is desirable to correct for variations in the 
initial weight of the rats, we can apply this 
correction and the discriminant function 
analysis simultaneously. 

With, if necessary, the use of a simple trans- 
formation for either or both of rat weight 
and time, it is nearly always possible to 
give an adequate description of the growth 
curves from 2 or 3 points. In rare cases a 
fourth point might be necessary. The dis- 
criminant function analysis can be extended 
quite readily to accommodate another point. 
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Coronary Sinus Catheterization Technique for Studying Coronary Blood 
Flow and Myocardial Metabolism in vivo. 

W. T. Goodale, M. Lubin, J. E. Eckenhoff, J. H. Hafkenschiel, S. H. Dur- 
LACHER, B. H. Landing, and W. G. Banfield. (Introduced by R. J. Ring.) 
From the Medical Division, Army Chemical Center, Md., and the Department of 
Pharmacology, University of Pennsylvania School of Medicine, Philadelphia, Pa. 


Recent reviews stress the need for a meth- 
od of studying the coronary circulation in 
intact animals, as well as in man.^'- Harrison 
and coworkers cannulated the coronary sinus 
of intact morphinized dogs,® with a modified 
Morawitz brass balloon cannula.^ A less trau- 
matic technique of intravenous catheteriza- 
tion of the coronary sinus of intact dogs 
is presented in this report, using the soft 
Forssman catheter,® as modified by Cour- 
nand.® Application of this method in 
studying myocardial metabolism in vivo will 
be reported elsewhere,’^'® particularly the 
measurement of coronary blood flow by the 
nitrous oxide method, developed by Kety and 
Schmidt for measuring cerebral blood flow.® 

The catheter,® (size 7-9, reasonably stiff 
but without stylet), is inserted through the 
dog’s external jugular vein, under light nem- 
butal anesthesia. Fluoroscopically, in the right 
anterior oblique position,* a triangular area 
of lung with the following boundaries is 
visible; (1) the anteromedial border of the 
inferior vena cava, (2) the posteroinferior 
cardiac border, and (3) the diaphragm. The 

1 Gregg, D. E., Physiol. Ecv., 194G, 20, 28. 

- Eatnotf, O. D., Medicine, 194G, 28, 285. 

3 Harrison, T. R., Friedman, B., and Eesnick, H., 
Jr., Arch. Int. Med., 193G, 57, 927. 

■* Morawitz, P., and Zahn, A., Zentralbl. f. 
Physiol., 1912, 20, 4G5. 

5 Forssman, V^.,-Klin. Wchnschr., 1929, 8, 2085. 

« Cournand, A., Fed. Proc., 1945, 207. 

" Eckenlioff, J. E., Hafkenschiel, J. H., Harmel, 
M. H., Goodale, W. T., Lubin, M., Bing, R. J., and 
Kety, S. S., in press. 

s Goodale, W. T., Lubin, M., and Banfield, W. G., 
in press. 

» Kety, S. S., and Schmidt, C. F., Am. J. Phys., 
1945, 143, 53. 

• Terminology, as in man. 


coronary sinus ostium lies just anteromedial 
to the superior corner of this triangle which 
marks the junction of inferior cava and right " 
auricle, posteroinferior to the tricuspid valve. 
The catheter is first passed into the inferior 
cava, then withdrawn just inside the auricle. 
As the tip is shifted anteromedially, with 
repeated gentle thrusts toward the ostium, 
the catheter will eventually enter the coronary- 
sinus, (Fig. 1). The tip often passes further 
in the same direction, superiorly and to the 
left along the auriculo-ventricular groove, 
past a delicate valve into the great 
cardiac vein. Sometimes the catheter enters 
the middle cardiac vein, or more rarely the 
first posterior vein of the left ventricle, and 
passes along the posteroinferior septal sur- 
face toward the apex. 

Evidence of successful coronary sinus ca- 
theterization includes: (1) the tj^pical. fluoro- 
scopic position of the catheter,! (2) with- 
drawal of very”^ dark venous blood which shows 
an extremely low oxj'gen content, markedly- 
lower than in mixed venous blood, (Table I), 
and (3), in some cases, autopsy with the 
catheter still inserted in the sinus. 

The coronarj- sinus of 30 dogs, weighing 
28-75 lbs., has been successfully- catlieterized 
55 times, with as many as 7 procedures on 
the same dog at monthly intervals. Three at- 
tempts in small dogs were failures. Post- 
operative recoverv- was prompt, except in 
those intentionally sacrificed. No post- 

t Diodrast (3,5-tliiodo-4-pyridone-N-acctic acid 
and diethanolamine) was occasionally injected 
forcibly to outline the coronary venous system 
fluoroscopically, but sometimes caused local myo- 
cardial necrosis and hemorrhage. Forcible injec- 
tion of any fluid against tho coronary venous 
stream may be hazardous. 
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Study of Cerebral Coproporphyrin in Rabbits 


TABI/B II. 

Urinary and Cerebral Coproporphyriu in Lund-Poisoued Babbits. 



UCP*' in y/day 


y of 



at time of 

Wt of brain 

coprouoroliTrin 


i\0. 

killing 

ing 

(total content) 

7/g brain 

1 

12.6 

7.5 

.3 

.04 


16.0 

9.1 

.48 

.052 

3 

20.0 

8.0 

.195 

.024 

4 

3.7 

8.5 

.30 

^ .035 

5 

11.5 

9.3 

.195 

.021 

6 

19.8 

9.2 

.345 

.037 

7 

43 0 

8.3 

.15 

.018 

8 

58.0 

8.6 

.195 

.023 

9 

49.0 

8.0 

.345 

.043 

10 

44.0 

9.1 

.345 

.038 

11 

15.0 

7.7 

.30 

.040 

12 

26.0 

8.0 

.405 

.05 • 


Avg .035 

* trCP •= total urinary coproporpliyrin. 


extracted 4 times with 2-3 cc portions of 
1% HCl. This was washed with CHCI3, 
separated and filtered. The determination of 
total coproporphyrin was then made on the 
1% HCl extract in the Klett fluorophotom- 
eter, as previously described.® The concen- 
tration and individual content was determined 
for the brains of 10 normal rabbits, data for 
which are given in Table I. 

Twelve rabbits were poisoned with lead 
acetate, the first 6 receiving 50 mg per kilo, 
the second six 100 mg per kilo, in a single 
intraperitoneal injection. The animals were 
killed 7-10 days later. The analytical data 
are given in Table II. The urinary copro- 
porphyrin was determined by the method of 
Schwartz and associates® which gives an 
upper limit of 5 7 per day for normal rabbits. 

No increase in the brain coproporphyrin 
occurred following the acute lead poisoning. 


Thus it is evident that the present study does 
not provide evidence of a relationship between 
the coproporphyrin content of the brain and 
that of the urine which was much increased. 
The possibility cannot be excluded that an 
accelerated formation and release of copro- 
porphyrin by the brain could have maintained 
the actual concentration at a constant level. 
Other studies are in progress in which various 
substances affecting the nervous system are 
being used, both in acute and chronic ex- 
periment. 

Summary and Conclusions. 1. A method is 
described for the quantitative determination 
of coproporphyrin in the brain. 2. The con- 
centration and total content of the copropor- 
phyrin of normal rabbit brains was compared 
■noth that of brains from rabbits, in which 
acute lead poisoning was induced. No varia- 
tion was observed. 



Coronary Sinus Catheterization Technique 


S73 


TABLE I. 


Oxygen Content of Blood Samples.i"' 




Oxygen 

content vol. 

% 


' No. of 
observations 

Mean 

value 

S.E.* 

S.D.t 

c.y.t 

Extreme 

range 

Coronary sinus 

44 

3.8 

.16 

1.04 

27.7 

2.4- 8.3 

Pulmon'’ry artery or rt. ventricle 

30 

12.5 

.72 

3.89 

31.5 

9.5-15.3 

Femoral artery 

48 

16.9 

.25 

1.75 

10.3 

14.0-22.6 


* Standard error of tl)e mean. 
t Standard deviation, 
t CoefScient of variation. 

izing the pulmonary artery or right ventride.l 
The auricular lesions were more frequent and 
more severe than those found after passing 
the catheter only into the coronary sinus. 

In 3 cases, lesions obviously peculiar to 
coronary sinus catheterization were found: 
2 of coronary venous thrombosis and one of 
gross hemorrhage into the myocardium drained 
by a catheterized vein. These were perhaps 
related to prolonged insertion of a large 
catheter beyond the sinus into the great 
cardiac vein, or to forceful reinjection of fluid 
through the catheter. Such lesions have not 
been found in 11 control experiments in 
which precautions were taken, including the 
gentle insertion of a No. 7-F catheter only 
1-2 cm into the coronary sinus for only 60 
minutes. With these precautions, coronary 
sinus catheterization appears to be actually 
less hazardous than catheterization of the 
right ventricle or pulmonary artery of the 
dog by our technique. 

In man, several thousand well-controlled 
intracardiac catheterizations have been per- 
formed without cardiac damage apparent even 
in numerous autopsied cases.®-**^” Species 

;T!ic occarrcnce of oiidocardiai lesions in dojis 
after cathetcriziiig the pulmonary artery l>y this 
technique, has been recently confirmed, althouRli 
with less frequency and severity than in the present 
series (Hcllems, B. K., Haynes, E. W., Fanger, H., 
and Dc.xter, L., personal communication, 1047). 


peculiarities and differing techniques may well 
e.\plain the occurrence of lesions in dogs, 
where none have so far been found in man. 
The present technique, however, is being 
applied to current studies of the coronary 
circulation in man only wdth the precautions 
which prevented significant myocardial and 
coronary venous damage in dogs. 

Summary. Coronary sinus catheterization 
technique has been developed in intact dogs 
in order to study coronary blood flow and 
myocardial metabolism, and to evaluate the 
safety and practicality of a similar procedure 
in man. The pathological findings, among 30 
autopsies following the procedure, have been 
discussed. 

The authors are very much indebted to Drs. S. S. 
Kety, C. F, Schmidt, and R. J. Bing for their help 
and advice, and to W. P. AleShnnc, R. C. .Tohnson, 
Miss Alice 'Willis, Miss Sarah Bcdcrman, and Mrs. 
Pauline Wilson for skillful technical assistance. 


to Bing, R. J., ■Pandam, L. D., Gregoire, F., 
Handclsman, J. C., and Goodalo, W. T., Peoc. Soc. 
Esp. Bton, ANT) Mei)., 1947, CO, 239. 

ti Dexter, L., Haynes, F. W., Burwell, C. S., 
Eppinger, E. C., Seibel, R. E., and Evans, .1. M.. 
J. Clin. Invest., 1947, HQ, 554. 

12 Bing, R. J., personal communication. 

13 Dexter, L., personal communication. 

11 Cournand, A., personal communication. 
laRougliton, F. ,T. W., and Scholander, P. F., 
J. BM. Client., 1943, 148, 541. 
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Fig. 1. 

Large No. 9 catlieter is inserted 3-4 cm into coronary sinus (C.S.), with small No. 6 catheter 

passing through tricuspid valve ( ), into right ventricle (E.A’’.). The coronary sinus 

venous system, ns found at autopsy, is sketched in as follows; middle cardiac vein, MOV; 
posterior veins of the left ventricle, PVj, PVLVj, and PA’^LYr; oblique vein of Marshall, OV; 
great cardiac vein, GCV; left circumflex vein, hCV; anterior descending coronary vein, ADCV. 
The extensive veno-veuous anastomoses between the major veins draining tlie left ventricle are 
illustrated. (The venous drainage of the right ventricle is largely independent of the coronary 
sinus system, through the Thebeskan, anterior, and other small cardiac veins.) 

HieCaibolic Oiservaiions: 19 Aug., 194T} Oxygen content of blood from coronary sinus, 3.T 
vols. % ; pulmonary artery, 14.S vols. % ; femoral artery, 18.2 vols. %, 94% saturated. Cor- 
onary flow, 71 cc/min/100 g of left ventricle. Myocardial oxygen consumption. lO.G cc/min/lOO 
g. Systemic blood flow, 168 cc/kg body wt/min. AVe'ght of dog, 31 kg. Heart weight at 
autopsy, 240 g. Me.in arterial blood pressure, 115 mm llg. Work of heart, 7/6 • QR = 503 
kg/hr. Cardiac efficiency, 169o. 

Patliologn ; This dog was catheterized 7 times in 5 months, with .a. total of over 16 hours of 
actual insertion of the catheter in the coronary sinus, with a second catheter in the pulmonary 
artery or riglit ventricle. Autopsy 7 weeks after the last procedure showed a normal heart 
except for slight subendocardial fibrosis in the right auricle and medial tricuspid valve leaflet. 


operative local or systemic infection, or other 
clinical complications attributable to catheter- 
ization, were encountered. 

Thirty autopsies following coronary sinus 
catheterization often showed small mural 
thrombi and subendocardial hemorrhages in 
the coTomry sinus and right auricle. Gross 
lesions were rarely found when the dog was 
sacrificed immediately after catheterization. 


but often when sacrificed at least 24 hours 
later. Minimal subendocardial fibrosis in the 
right auricle was the only finding in 4 of 5 
dogs sacrificed 3 to 6 weeks after catheteriza- 
tion. 

Mural thrombi and subendocardial hem- 
orrhages, howev'er, were also found in the right 
auricle, on the right ventricle and on the tri- 
cuspid and pulmonary valves after catheter- 
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TABLE I. 

Effect of Injections of Desoxvcorticosterone Acetate, Tliiouraeil, and Combination of Botli Dings on 
Teeth and Eyes of Babv Bats. 

Thiouracil 

Control DOCA Thiouracil + DOCA 

15 rats 15 rats 11 rats 21 rats 


Mean 


Mean 


Mean 


Mean 


8.4. 

14.1 


0.29 

O.Cl 


11.3 

16.9 


O.Gl 

0.45 


9.2 

15.5 


0.84 

0.73 


Age at eruption of incisors (days) 9.5 0.63 

Age at opening of eyelids (days) 15.1 0.43 


ployed had no effect on the body weight of 
rats even though the injections were con- 
tinued for 23 days. Thiouracil also had little 
or no effect on the growth curve for the 
first 10 to IS days. However, there then oc- 
curred a plateauing of body weight so that 
in the next week, the thiouracil treated rats 
showed marked stunting of growth and evi- 
dence of immaturity in activity and physical 
appearance. This has been described by 
Hughes^ as cretinism. DOCA, despite its 
antagonistic effect on the thiouracil depres- 
sion of tooth, mouth and eyelid development, 
had no effect whatsoever on antagonizing 
this stunting effect of thiouracil. Their sickly 
state was not affected by DOCA and occasion- 
ally they seemed more depressed than the 
rats receiving thiouracil alone. One group of 
rats which received both drugs for a period 
of 2 weeks was observed further and the 
weight cur\'e was compared to that of the 
littemiate controls. .At the end of 3 weeks 
without injections the average weight of the 
rats was about 15% below that of their con- 
trols. In another litter, 2 of the 4 rats in a 
similar group became weak, stopped feeding 



tinmtb curves nf b:iby ruts rtcpiviti" DOCA 
tliu.univit, or u cumbination af both tlnigs. There 
.ire 3 r:it.s in eaeii group ami all .arc littcrumteji 


and died, despite the cessation of treatment. 

The thyroid glands of the thiouracil treated 
rats were grossly much larger than those of 
the controls. Histologically they showed en- 
largement and increased height of the fol- 
licle cells. The glands of the animals receiving 
the combination of DOCA and thiouracil 
were indistinguishable from those treated 
with thiouracil alone, whereas those injected 
with DOC.A alone resembled the normal con- 
trols. 

Comment. There is little evidence from 
these experiments to indicate that the pre- 
cocious development produced by DOCA is 
mediated through the thyroid gland. Al- 
though thiouracil depresses the normal thy- 
roid gland function, there is no certainty that 
it does so completely in the first few injections. 
If DOC.A could produce its usual changes 
in a surgically thyroidectomized rat, a def- 
inite conclusion could be arrived at. 

It is of interest, that despite the fact that 
thiouracil produces marked changes in the 
development and growth of the rats, DOCA 
was able to antagonize its effects on tooth 
eruption and eyelid opening. Whether the 
same phenomena can he produced by large 
doses of other steroid hormones and whether 
other effects of the thiouracil-thyroid defi- 
ciency can be corrected by these hormones 
remains to be studied. 

Summary. Thiouracil injections into baby 
rats resulted in retardation of tooth eruption 
and opening of the eyelids. Desoxycortico- 
.-terone. when injected into thiouracil treated 
rats, was able to antagonize these develop- 
menta! effects so that the time of tooth 
eruption and eyelid opening returned to nor- 
mal. It had no antagonizing effect, however, 
on the stunting of body growth or on the 
histological picture of the ihvioid aland 
produced by thiouracil. 
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Effect of Desoxycorticosterone on the Development of 'Rats Treated with 

Thiouracil. 

Leo G. Parmer. 

From the Pharmacology Section, Army Medical Department Pescarch and Graduate School, 
Army Medical Center, Washington, D. C. 


It has been shown that either adrenal 
cortical extracts or desoxycorticosterone ace- 
tate (DOCA) hastened the development of 
newborn rats.'^ Under the effects of these sub- 
stances, the rats’ teeth erupted earlier and 
their eyes opened sooner than littermate con- 
trols. The mechanism whereby this precocious 
development takes place is under investiga- 
tion. It has been reported that thyroxine 
produced a qualitatively similar hastening of 
tooth development" and experiments Tvere 
undertaken to determine whether the adrenal 
cortical action was mediated through the 
thyroid gland. 

Thyroidectomy in the newborn is an ex- 
tremely hazardous and frequently fatal oper- 
ation.® Depression of the normal thyroid 
activity can be accomplished in baby rats 
by means of thiouracil .‘‘•® The effects of 
DOCA on thiouracil treated rats are re- 


remained as the untreated control group. 
Injections were usually given for about 2 
weeks. Each litter of rats remained with its 
respective mother throughout the e.xperiment. 
Daily body weights were recorded for each 
rat and observations of tooth development, 
eyelid opening, and general physical condi- 
tion were made each morning and night. At 
the completion of the experiments, the ani- 
mals were sacrificed and their thyroids were 
sectioned and stained with hematoxylin and 
eosin. 

Results. All the rats tolerated the injections 
and handling fairly well in the newborn per- 
iod. Hair growth at the site of the DOCA 
injections was sparse in both groups of rats 
receiving the drug. 

Table I reveals the effects of the drugs on 
the eruption of the incisor teeth and opening 
of the eyelids. Although figures given are 


ported. 

Method. Sixty-two one-day-old rats from 
6 litters of the Sprague-Dawley strain were 
divided into 4 groups. Wherever there were 
sufficient rats the individual litters were 
divided so that there were at least 3 rats 
for each of the following experimental con- 
ditions. A total of IS rats received daily 
(including Sunday) subcutaneous injections 
of 0.25 mg of DOCA in 0.05 ml of peanut oil. 
Eleven rats received similar injections of 
one to 4 mg of thiouracil, suspended in 0.1 
ml of peanut oil. Twenty-one rats received 
daily injections of both drugs, and IS rats 

“iMnlinos, M. ^, and P.irmer, L. G., Science, 


1942. Do, 484. 

2 K.-,rnofsky, D., and Cronkite, E. P., Proo. Soc. 
Exp. Biol, and Med., 1939, 40, 5G8. 

3 Salmon, T. N., Endocrin., 1938, 44C. 

4 Triirfies A M., Endoenn., 1944, »4, 69. 

5 Goldsmi’th,.E. D., Gordon, A. S., and Ck.anpper, 
H. A., Am. J. Ohst. Gyn.. 194o, 49, 19<. 


means of results from 6 litters, the results 
in individual litters were similar. DOCA in- 
variably hastened the eruption of the teeth, 
stimulated the differentiation and separation 
of the lips from the gingiva, and hastened the 
opening of the eyelids. Thiouracil, in doses 
of one to 4 mg per da}”^, on the other hand 
markedly depressed all these developmental 
changes. In those rats receiving injections 
of both DOCA and thiouracil, a niutualb'' 
antagonistic effect was observed. The tooth 
eruption and e)'’elid opening in these rats 
was within normal limits. This was confirmed 
statistically in that the means of the DOCA 
and thiouracil groups were significantly dif- 
ferent from that of the controls, but the mean 
of the group receiving the combination of 
both drugs was not significantly different 
from that of the controls. 

The effects on the body weight and growth 
curve of one representative litter of 12 rats 
are shown in Fig. 1. DOCA in the dose em- 
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Urinary Excretion Studies Following the Administration of Pteroic Acid. 

A. L. Franklin, E. L. R. Stokstad, and T. H. Juices. 

From the LeSerle Lcboratorics Division, American Ci/anamicl Compnnj/, Pearl Direr, jV, F. 


A number of reports have dealt with the 
apparent urinary excretion of pteroylglutamic 
acid as measured with Lactobacillus casei or 
Streptococcus jaecalis R. In normal subjects 
on “average diets,” the excretion is quite low, 
usually in the neighborhood of 4 to 5 fig 
daily. The urinary excretion rises following 
the administration of a few milligrams of the 
pure substance. In one investigation, assays 
with S. jaecalis R indicated that from 44 to 
57% of an oral dose of 5 mg was e.xcreted in 
six hours.^ 

The name pteroic acid- has been given to 
the portion of the pteroylglutamic acid mole- 
cule exclusive of glutamic acid, more specific- 
ally 4(( (2-amino-4-hydro.xy-6-pteridyl) meth- 
yl) amino) benzoic acid. It may be synthesized 
by condensing p-aminobenzoic acid with a-jS- 
dibromopropionaldehyde and 2,4,5-triamino- 
6-'hydroxypyrimidine.- Pteroic acid can re- 
place pteroylglutamic acid in promoting 
growth of certain microorganisms, notably 
5. jaecalis R, but it is without appreciable 
growth-promoting action on L. casei." The 
presence of pteroic acid in the urine would 
therefore produce a response in the “folic 
acid” assay when carried out with S. jaecalis 
R but would be without effect if the assay 
were carried out with L. casei. No studies 
have been reported describing the urinary 
excretion of pteroic acid following its admin- 
istration and such an investigation was the 
subject of the present study. 

Experimental. Pteroic add was synthesized 
as described above* and was obtained in a 


1 Jukes, T. H., Franklin, A. L., Stokstad, E. L. 
E., and Eoeline, J. FS,, III, J. Dah. Clin. SCeiJ.. 
1947, 32, 1350. 

3 Angier, E. B., Boothe, J. H., Hutcliings, B. h., 
Mowat, J. H., Semh, J., Stokstad, E. E. B., Sub- 
baBow -y., Waller, 0. W.. Cosnlich, B. B., Fahren- 
bach M J., Hultquist, M. E., Kuh, B., Nortlioy, 
e! H., Seeger, B B., Sickels, J. P., -a Sn,ith, 
J. M., Jr., Science, 1945, 103, 06/. 


state of approximately 90% purity as esti- 
mated by chemical assay® and extinction co- 
efficient measurements. The compound was 
administered as a solution of the monosodium 
salt to normal adult male subjects. The urine 
was collected under toluene and the samples 
were assayed for “folic acid” with 5. jaecalis 
R'* and for pteroylglutamic acid with L. 
casei.^ The results are summarized in Table I. 

Discussion. Pteroic acid has been found to 
stimulate the growth of certain lactic acid 
bacteria under conditions in which a response 
also occurs to pteroylglutamic acid. In one 
class of organisms, typified by L. casei, a 
response is produced by pteroylglutamic acid 
but not by pteroic acid or p-aminobenzoic 
acid. A second class, typified by S. jaecalis R, 
responds to pteroylglutamic acid and pteroic 
acid, but not to p-aminobenzoic acid. A clue 
to the function of pteroic acid in this class 
of organisms may be afforded by the obsen'a- 
tion" that certain enterococci in “resting cell 
suspensions” convert the “S.L.R. factor,” 
which is pteroic acid with an added formyl 
group,^ to pteroylglutamic acid. A third type 
of organism, exemplified by L. arabinosiis 
1 7-5® responds to either pteroylglutamic acid, 
pteroic acid, or p-aminobenzoic acid. Studies 

* Kindly supplied by Br. C. W. AValler. 

3 Hutchings, B. L., Stokstad, E. B. B., Boothe, 
J. H., JXowat, J. H., Waller, C. W., Angier, B. B., 
Semb, J., and SubbaEoiv, T., J. Biol. Chem., 1947, 
108, 705. 

■* Landy, 3VI., and Dieken, B. M., X Lab. Clin. 
Med., 1942, 27, 1086. 

5 Tcply, L. J., and Elvehjem, 0. A., J. Biol. 
Chem., 1945, 157, 303. 

Stokes, J. L., and Larsen, A., J. Bact., 1945, 
50, 219. 

7 Wolf, B. B., Andci’son, B. G., Kaezka, E. A., 
Horris, S. A., Arth, G. E., Southwick, P. L., 
llozingo, R., and Folkers, K., J. Ain. Chem. Sac.. 
1947, 09, 2753. 

s Lainpcn, J. O,, .and Jones, JI. J., J. Biol. Chem., 
1947, 170, 133. 
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Local Resistance to a Lethal Dose of Formalin.’' 


Gabriel Gasic.1 (Introduced by E. C. MacDowell.) 

From the Department of Genetics, Carnegie Institution of Washington, 
Cold Spring Sartor, S.Y. 


According to Selye'---® an animal e.xhibit- 
ing an “alarm reaction” in response to a 
given chemical is able to resist a lethal dose 
of a chemical of different nature because of 
a non-specific mechanism of general defense 
initiated by this “alarm reaction” and called 
“reaction of adaptation.” In repeating cer- 
tain of Selye’s experiments, preliminary to 
studies on induced immunity to transplant- 
able leukemia, evidence was obtained that 
questions the general distribution of the 
cross resistance between the two chemicals 
employed. 

The present communication is concerned 
with a study of the location of resistance to 
formalin and adrenalin induced by formol 
treatment when the sites of pretreatment and 
lethal doses were varied. 

The experimental material consisted of 
male and female mice of strain C58,^'® whose 
ages varied between 5 and 7 weeks and whose 
weights varied between 13 and 22 g. These 
animals received the standard food and care 
of this laboratory.® Solutions of formalin of 
4% and 10% (prepared from the commercial 
solution) and adrenalin in aqueous solution 


of 1:1000 were used as “alarming” stimuli 
in subcutaneous injections. The minimum 
lethal doses of these substances were found 
to vary according to the site of injection 
(Table I). 

Treatment previous to the lethal dose was 
administered within a period of 48 hours, 
using 4 injections. The doses used when 
all 4 injections were given at the .same site 
were the following: 0.10, 0.20, 0.30, and 
0.40 cc of 4% formalin; O.OS, 0.10, 0.12, 
and 0.15 cc of 10% formalin; or 0.06, 0.08, 
0.10, and 0.10 cc of adrenalin; in different 
e.xperiments the site was the skin of the 
abdomen, the dorsolumbar region, or the 
ventral surface of the left hind leg. ^^^len the 
injections were made at different sites in 
the same mice, they received either 4 doses of 
0.15 or 0.20 cc of 4% formalin, or 4 injections 
of 0.06 cc of adrenalin, the sites being: the 
extremities, and the abdominal, anterior 
thoracic, dorsolumbar, and dorsocervical re- 
gions. In a few experiments each dose of the 
treatment with progressive amounts of the 
chemicals was divided into 4 subdoses, and 


TABLE I. 

Minimum Lethai Dose of Formalin and Adrenalin Given Subcutaneously in C58 Mice According 

to the Sites. 

Male weight: 18 to 22 g; female weight: 13 to 20 g. 

Chemical and Anterior Medial surface 

concentration Dorsolumbar Abdominal thoracic hind left leg Dorsocervical 


Formalin 

10% 

0.20 

0.20 

0.20 

i.ir, 

0.10 

Formalin 

4% 

0.50 

0.50 

— 

— 

— 

Adrenalin 

1% 

0.15 

0.12 

— 

— 

— 


* The author is deeply indebted to Dr. E. C. 
MacDowell for suggestions during the work and for 
the valuable critic of this paper. 

1 Cliilean Fellow of John Simon Guggcnlieim 
Foundation, year 1944. 

1 Sclye, Hans, Arch. Intcmat. de Pharmacodyn. 
et dc Thcrap., 103", So, 431. 

2 Solve, Hans, Am. J. Physiol., 1938, 122, 347. 


3 Karady, S., Browne, J. S. D., and Selyc, H., 
Quart. J. Exp. Physiol., 1938, 28, 23. 

■i Gruneberg, Hans, The Genetics of the Souse, 
London, Cambridge University Press, 1943, p. 320. 

sKichtcr, M. X., and MacDowell, E. C., Peoc. 
Soc. E.xp. Biol, and Med., 1929, 2C, 302. 

cLaanes, T., Sand, dcr hiol. Artcitsmethoden, 
Ed. B. Abdcrhalden, Berlin, Urban und Schwarzen- 
berg, 1930, 9, 7, 593. 
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Urinary Excretion of Pteroic Acid 


of-the relative potencies of these 3 compounds 
for L. arabhtosiis^ showed that the first 2 are 
less active on a molar basis than is p-amino- 
benzoic acid. 

In experiments with chicks, pteroic acid- 
and p-aminobenzoic acid*’-*” have been found 
ineffective as a replacement for pteroylglu- 
tamic acid in the diet. Pteroic acid was ad- 
ministered,^^ 5 mg daily for 10 days without 
effect, to a patient with pernicious anemia in 
relapse. The patient subsequently responded 
to treatment with 5 mg of pteroylglutamic 
acid daily for 6 days. 

A study of the urinaiy excretion of pteroyl- 
glutamic acid indicated that about half of 
the dose, as estimated by assay with S. jaecalh 
R, appeared in the urine during 6 hours fol- 
lowing the oral administration of 5 mg of the 
substance. Similar results were obtained when 
intravenous administration was used.* In con- 
trast, pteroic acid when fed by mouth did 
not appear to be excreted in significant 
amounts in the urine, but when it was given 
intravenously a considerable proportion of the 
administered dose appeared in the urine. This 
may indicate that the rate of uptake from 
the gastrointestinal tract is low, or, less prob- 
ably, that the compound is destroyed in the 
tract before being absorbed. The results are 
interesting in view of the low solubility of 
the monosodium salt of pteroic acid which is 
in contrast to the moderate solubility of 
sodium pteroylglutamate. At the pH of the 
small intestine, the ion formed by the dis- 
sociation of only the carbo.xyl group wmuld 
be the predominant form of pteroic acid. 

A possibility to be considered in the metab- 

9 Lillie, K. J., and Briggs, G. M., Poultry Sci., 
1947, 20, 289. 

10 Unpublished investigations in this laboratory. 

11 Spies, T. D., and Stone, E. E., Southern, Med. 
J., 1947, 40, 46. 


olism of pteroic acid is its conversion to 
pteroylglutamic acid. The respective activ- 
ities of the 2 compounds for S. jaecalh R and 
L. casei enable a differential assay to be con- 
ducted, especially if pteroic acid is present in 
amounts considerably in excess of pteroyl- 
glutamic acid. In this investigation, the L. 
casei assay value of the urine was very loiv 
following the intravenous administration of 
pteroic acid in contrast to the S. jaecalh R 
assay value. This indicated that the urine 
contained predominantly pteroic acid rather 
than pteroylglutamic acid. However, a dis- 
tinct rise in the L. casei value was observed, 
which indicated probable conversion of a 
small proportion of the pteroic acid to pter- 
oylglutamic acid (Table I). 

Summary. 1 . Pteroic acid was administered 
to normal adult human males and the urine 
was assayed for “folic acid" with S. jaecalh 
R and for pteroylglutamic acid w'ith L. casei. 
On the basis of the relative response of these 
organisms to pteroic acid and pteroylglutamic 
acid, the apparent concentration of these 
compounds in the urine was determined. 

2. The oral administration of from 2 to 10 
mg of pteroic acid resulted in only a ven,’ 
small amount of urinary pteroic acid. 

3. Following the intravenous administra- 
tion of 2 mg of pteroic acid the microbio- 
logical assays of the urine indicated that from 
15 to 46% of the compound was excreted as 
pteroic acid and that onlj'^ about 1% ap- 
peared to be converted to pteroylglutamic 
acid. 

4. The e.xcretion studies indicated that 
only a small proportion of an administered 
dose of pteroic acid w’as converted to pteroyl- 
glutamic acid and that pteroic acid is poorly 
absorbed from the gastrointestinal tract. 

Tiie assistance of Miss Margaret Began uni Mr, 

,T. W. Eoelme, III, is gratefully acknowledgecl. 
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of untreated controls injected with the same 
dose (2 out of 35, line 13). The animals 
treated with adrenalin did not show cross- 
resistance to formalin, whether the lethal 
dose was injected at the same or at a different 
site (lines 10 and 11). 

Autopsy was made on various animals in 
order to investigate the anatomical symp- 
toms of the alarm reaction and the reaction of 
the skin at the site of treatment (Table III). 
At the termination of the treatment, in- 
volution of the thymus was evident. Changes 
in the suprarenal and pancreas were less 
conspicuous, with a few exceptions. General 
hyperemia was present, and digestive hemor- 
rhages were frequently obsen'ed in animals 
treated with adrenalin. 

The skin showed changes only when form- 
alin was used, and edema and congestion 
were apparent during the treatment; several 
days after the last injection, formation of a 
necrotic scar became evident. 

Histological examination of animals treated 
with formalin, kindly made by Dr. Richard 
Miller, revealed the changes of the thymus 
mentioned under the description of the alarm 
reaction, increase of mitosis of the cortical 
cells of the suprarenal, and a necrotic and 
inflammatory tjqie of skin alteration. 

It appears that the induction of resistance 
to a lethal dose depends upon the nature of 
the chemical used and upon the site. The 
animals prelreated with adrenalin evinced 
resistance to the lethal dose of adrenalin of 
general character, at least in the one small 
experiment, but showed no cross-resistance 
to formalin, either local or general. On the 
contrary, the animals pretreated with forma- 
lin showed only a local resistance, whether 
the\' were subjected to a lethal dose of 
formalin or one of adrenalin. Although no 
general resistance was observed, the formalin- 
treatment produced the principal anatomical 
signs of Selye’s “alarm reaction.” 

These differences observed in mice treated 
with formalin and adrenalin appear to have 
their explanation in the differing capacities 
of these substances to induce local lesions. 
While the first caused intense manifestations 
at the site of the injection, culminating in 
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administered at 4 different sites. The animak 
were usually subjected to the lethal test dose 
(the size of the dose varying according to 
the site) 12 hours after the last of the pre- 
treatments, although in a few cases the lethal 
dose was administered 2, 3 or 6 days later. 
When death occurred, it was, in most experi- 
ments, at approximately the same time as the 
death of the controls without pretreatment. 

Resistance to the preliminary treatment 
and lethal dose of formalin depends upon 
the site of administration (Table II). When 
progressive doses of this substance were in- 
jected into one site, 33 out of 34 animals re- 
sisted the 4th pretreatment (line I), while 
there were onl^' 3 survivals out of 28 cases 
rvhen the 4 treatments were given in different 
sites (line 2). Resistance to the lethal dose 
also depends on the same factor. When it was 
administered at the site of pretreatments, 65 
out of 74 mice survived (line 3); when the 
lethal dose was injected at a different site, 
only 7 out of 61 survived (line 4), a result 
similar to the controls without pretreatment 
(survival, 11 out of 128, line 12). 

The pretreatment was less effective when 
sublethal doses of equal amount were used. 
Animals treated in this manner showed re- 
sistance to lethal dose injected at the same 
site in 13 cases out of 22 (line S), and the 
animals which died did so after a longer 
interval than the controls which had been 
pretreated at different sites (survival, 9 out 
of 35, line 6). 

Many of the animals treated with adrenal- 
in died during the course of treatment, wheth- 
er this substance was administered at the 
same site or at different ones. Some of them, 
subjected to a lethal dose after 4 preliminary 
injections, resisted adrenalin even when it 
was applied at a site different from that of 
the pre-treatment (survival, 5 out of 5, line 

7). 

In e.\periments with cross-resistance, 36 
out of 38 mice pretreated m'th formalin re- 
sisted a lethal dose of adrenalin when all in- 
jections were at the same site (line 8); -when 
the lethal dose was injected at another site, 
only 3 out of 26 survived (line 9), with the 
result that the survival rate approached that 
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Renal Reabsorption of Methionine 


the formation of a necrotic lesion of the skin, 
the second, on the other hand, did not pro- 
duce macroscopically visible local lesions. 

Nothing definitive can be said about the 
possible mechanism of the local resistance 
observed. It is quite possible that the inflam- 
matory state provoked by the formalin dimin- 
ished the absorption of the lethal dose.’^-®'*’ 

Although local resistance is not frequently 
encountered, it is not a new phenomenon. 
Rosenthal, Tabor, and Lillie observed that 
mice surviving tourniquet shock because of 
salt treatment would survive a repetition of 
the same shock wdthout salt, if given in the 
same leg, but would die if it was given in a 
different leg.^® Similarly, according to a re- 

" FarilH, Giovanni, and McCIean, D., J. Path, 
and Pact., 1937, 45, C(31. 

8 Duran-Eeynals, F., Pact. Ecv., 19-12, 0, 197. 

OMenkin, Vaiy, Oymmics of Inflammation, Hew 
York, The Macmillan Co., 1940, p. 100. 


view by J. Levy, animals in which resistance 
to arsenic has been built up per os do not 
tolerate a to.xic dose administered subcutan- 
eously.^’^ 

Summary. When mice were pretreated with 
adrenalin they showed general resistance to 
a lethal dose of this substance but not cross 
resistance to formalin, either local or general. 
On the contrar 3 ’-, animals pretreated mth 
formalin revealed only a local resistance, 
whether they were subjected to a lethal dose 
of formalin or of adrenalin. These observa- 
tions seem to question Selye’s interpretation 
of some of his e.vperiments on general adapta- 
tion to the same or different "alarming” stim- 
uli. 

10 Rosentlial, S. M., Tabor, Herbert, and I/illie, 
B. D., Am. J. Physiol., 1945, 14S, 402. 

iiLe\’ 3 ', Jeanne, Pnll. do la Soc. de Chimic Piol- 
oyiqiic, 1934, 1C, 631. 
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Renal Reabsorption of Methionine in Normal Dogs.* 

Frederick P. Ferguson,! A. G. Eaton,! and Janet S. Ashjian. 
(Introduced by Richard Ashman.) 

Prom the P apartment of Physiology, Pojiisiana State V7iiversity School of Medicine, 

Hew Orleans, La. 


It is known that at normal plasma con- 
centrations, reabsorption of amino acids from 
the glomerular filtrate is practically complete. 
Experiments in which the plasma concentra- 
tion has been raised above normal levels have 
shown, however, that there are differences 
in the efficiencj’’ with which individual amino 
acids are reabsorbed. These differences are 
manifested in the rates of reabsorption of 
the various acids prior to the attainment of 
the maximal rate (Tm), and also in the levels 
at which the Tm is reached.^-® 


*TUis work was aided by a grant from the 

Rockefeller Foundation. 

t Present address: Department of Biology, Wes- 
leyan University, Middletown, Conn, 
t Deceased. 


The e.\periments to be described were de- 
signed to study the renal reabsorption of 
methionine. Shortly after they were con- 
cluded, e.xperiments utilizing the microbiolog- 
ical method of analysis were reported® which 
indicated that the reabsorption of methionine 
is practicallj’’ complete at plasma levels np 
to 115 mg % (equivalent to about 10.8 mg 


1 Pitts, B. F., Am. J. Physiol., 1943, 140, 150. 

2 Pitts, B. F., Am. J. Physiol., 1944, 140, 535. 

3 Ferguson, F. P., Byer, F. T., and Eaton, A. G., 
Fed. Proc., 1945, 4, 20. 

■* E.aton, A. G., Ferguson, F. P., and Byer, F. T., 
Am. d. Physiol., 19i6, 14S, 491. 

•'> Wriglit, Jj. D., Busso, II, F., Skeggs, H. B., 
P.atcli, E. A., and Byer, K. H., Am. J. Physiol., 
1947, 140, 130. 
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ALPHA-AMINO NITROGEN FILTERED 
Mg./Mia/Sq.M. 

Fig. 1. 

The relation between renal filtration anti reabsorption of alpha-amino 
nitrogen of 5f-metliionine in Dog III. 

which are considerably higher than the nia.x- increased to 34.8 mg a-amino nitrogen/min/ 
imal rates reported for leucine, isoleucine and square meter, the highest level attained in 
valine^ and which stand in strong contrast these experiments, the rate of reabsorption 
to such low threshold amino acids as arginine increased to 24.8 mg/min/square meter and 
and lysine.“ "' there was no evidence that a Tm value was 

Sunivwry. The relation between the rate obtained. The data demonstrate the high 
of renal filtration and reabsorption of dl- efficiency of the renal mechanism for the 
methionine 3 -amino nitrogen has been studied reabsorption of methionine, 
in normal dogs. .As the amount filtered was 
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Cataracts Resulting from a Deficiency of Phenylalanine in the Rat.*‘ 

L. L. Bowxes, \\ P. Sydexstricker, W. Kxowltox Hael .axd H. L. Schmidt, Jr. 

From the Departments of 3[icroscopic Anatomp. ilcilieinc and Bfoclicniisfn;. 

Universttp of Georgia School of Medicine, Angnsta, Ga. 

Experimental cataracts in the rat have deficiency in the rat were first described by 
been shown to result from deficiencies of Curtis, Hauge and Kraybill.^ Totter and Day- 
either of 2 of the essential amino acids. WTiat later made a careful study of the cataracts 
apparentl.v were cataracts due to triptophane resulting from this deficiency. Recenth', 

' Thi-i study was aided by grants from tbe John l Curtis, V. B., Hauge, S. M , and Kravbill, 
-and Mary It. Markle Foundation and from the II. R., J. ,Vn(n(ioii, 1032, 5, 503. 

Division of Grants, Xational Institute of Hcaltb, e Totter, J. R., and Day, P, L., J. ^'vtrition. 
tr. S. Public ne.altli Service. 1942, IM. 159. 
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% methionine a-amino nitrogen). The results 
of the -present studj^, based upon a-amino 
nitrogen determinations and extending the 
plasma concentrations beyond the levels pre- 
viously reported, provide further evidence 
for the high efficiency of the renal reabsorp- 
tive process for methionine. 

Methods. The experiments were carried 
out upon 2 healthy female dogs in the manner 
described in detail elsewhere.^ Infusions of 
appropriate concentrations of inulin and dl- 
methionine in physiological saline were made 
into the femoral vein at a rate of about 5 cc 
per minute. Urine collections were made from 
the bladder with an indwelling catheter and 
blood samples were taken from the femoral 
artery by tlie use of an indwelling spinal 
needle cut to a length of 4 cm and equipped 
with a tightly fitting stylet. Periods were 30 
minutes in duration. Blood samples of 10 cc 
were taken at the beginning, mid-point and 
end of each period and the average amino 
acid and inulin concentration of the 3 samples 
employed to indicate the level for the period. 

The plasma amino acid concentration was 
determined manometrically by the ninhydrin- 
carbon dioxide method of Hamilton and Van 
Slyke® and urinar 3 f amino acid was similarly 
determined by the method of Van SIj'ke, 
IMacFadyen and Hamilton,' Inulin was deter- 
mined by the method of Hubbard and Loom- 
is®^ using a Coleman spectrophotometer to 
measure the intensity of color developed. 


Results. Eight different experiments, in- 
volving 31 periods, were performed upon one 
dog and 3 experiments involving 8 periods on 
another. Plasma levels up to 27 mg % of 
a-amino nitrogen and filtration rates up to 
34.8 mg per minute per square meter of body 


C Hamilton, P. B., and Van Slyke, B. B., J. Biol. 
Chem., 1943, ISO, 231. 

7 Van Slyke, B. B., MaeP.adycn, B. A., and 
Hamilton, P. B., J. Biol. Chem., 1943, 150, 251. 
s Hubbard, E. S., and Loomis, T. A., J. Biol. 


1942, 1-45, C41. 

, This method iv.is modified to the slight extent 
heating the color-forming solution at S0°C for 
minutes instead of 8 as prescribed by the 
hors. This modification assured the ma.ximal 
-elopmeiit and stability of color. 


surface were obtained. In all of the experi- 
ments, the efficiency of the renal tubules in 
reabsorbing metliionine from the glomerular 
filtrate proved to be very high. There was 
no indication that the maximal rate of re- 
absorption was reached at any of the levels 
of glomerular filtration xvhich xvere attained. 

Table I shows the essential data obtained 
in four of the e.xperiments performed upon 
Dog III. Each of these e.xperiments xvas 
repeated upon the dog with similar results. 
Inulin clearance has been used as a measure 
of glomerular filtration rate® and the rates of 
filtration, e.xcretion and reabsorption of a- 
amino nitrogen have been calculated as pre- 
viously described.'* It is seen that as the fil- 
tration of amino nitrogen increases through 
14 mg/min/square meter reabsorption is well 
over 90% complete. Bej'ond this level, the 
proportion reabsorbed decreased slightly for 
this dog, but remained remarkably high 
throughout the experiments. In the e.xperi- 
ments upon the second dog (No. IV), plasma 
a-amino nitrogen concentrations up to 19.8 
mg % and filtration rates up to 32.5 mg/ 
min/square meter were attained. Except for 
the fact that the ratio of reabsorbed ; filtered 
amino nitrogen remained above 0.82, 
even at the highest filtration levels, the re- 
sults were in all respects similar to those de- 
scribed for Dog III. 

Fig. 1 shows graphically the relationship 
between the amount of methionine a-amino 
nitrogen filtered and that reabsorbed in ail 
eight of the experiments performed upon 
Dog III. It will be noted that although the 
slope of the curx'c decreases somewhat beyond 
filtration rates of around 14 mg /min/ square 
meter, there is no tendencj' to plateau even 
at the highest levels attained. 

From these e.xperiments it is evident that 
the tubular capacity for the reabsorption of 
methionine is relatively high. In terms of 
a-amino nitrogen it exceeds 25 mg, min/ 
square meter. In this respect, methionine re- 
sembles glycine^ and alanine." These sub- 
stances manifest reabsorption capacities 

9 Sinitii, IT. TT., T/jc Physiology of the Kidney, 
Oxford TTniversity Press, 1937. 
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liver stimulants. 

The constituent chiefly responsible for the 
drastic laxative action of podophyllin is 
podophylloto.xin.^ This is a highly toxic com- 
pound which causes mucosal inflammation and 
gastroenteritis. It likewise involves the ner\'- 
ous system resulting (in the cat) in disturb- 
ance of coordination of the posterior extrem- 
ities, rapidly increasing weakness, increased 
respiratory rate, violent colonic cramps and 
death in coma.--^ The parenteral administra- 
tion of podophyllin to chickens likewise re- 
sulted in nerc'ous sj'stem involvement and 
cytological examination revealed damage or 
complete degeneration of the cerebellar Pur- 
kinje cells and other nervous elements.’* • 
Kaplan-' demonstrated that a suspension 
of podophyllin in oil was highly effective 
against Condylomata aciuntmta. These re- 
sults were confirmed and extended by King 
and Sullivan”'” and by Sullivan and Blanch- 
ard.® These investigators likewise noted the 
similarity of podophyllin to colchicine in its 
effects on venereal warts. Sullivan and Wech.s- 
ler® have shown that saturated aqueous solu- 
tions of podophyllin block mitosis in the root 
tips of Allhim cepa. In very dilute solutions 
both podophyllin and podophylloto.xin destroy 
the mitotic spindles of cleaving Astcrias and 
Arbacia eggs, as discovered recently by Corn- 
man.*® 

The effects of podophyllin on Condylomata 
acuminata and Allium made this compound 

1 ir.'igmis, E., Bomlhuch dcr ExperivicntcJlcn 
Pliarmacolopic, ed. A. HefTter, vol. 2, pt. 2, p. 1045, 
J. Springer, Berlin, 1924, 

e Violiover, A., and Mack, H., J. Jm. Ptiann. 
Jssn., 1938, 27, 032. 

3 Chenowcfli, M. B., Hunt, C. C., and Philips, 
F. S., 1947, personal communication. 

4 HacC.ardlc, E. C., and Perrault, A., Fourth 
Ini. Cnnccr Conp., 1947, ahstract. 

•" Kaplan, I. W., Xcic Orleans ilcd. and Surp. J., 
1942, 04, 3SS. 

c King. L. S., and Sullivan, Jt., Science, 1940, 
104, 244. 

r Sullivan. M., and King, L. S., Jrch. Derm. 
Sppli.. 1947, 50, 30. 

sSnllivan, it., and Blanchard, D., IliiU. Johuit 
Hopkins Ilo.ip., 1947, 81, 05. 

5“ Sullivan, B. J., and AVcchsler, H. I., Science, 
1947, 105, 433. 


of interest to us as a possible therapeutic 
agent in the treatment of cancer. Our interest 
■was increased by the incidental use in tissue 
culture of placental serum from a patient 
previoush' treated ivith podophyllin for Con- 
dylomata acuminata. This placental serum 
caused severe damage to mouse tumor cells 
growing in roller tubes without affecting nor- 
mal cells growing in the same tubes. 

Material and Methods. It was considered 
desirable to design a method for the detection 
of materials of possible value in the chemo- 
therapj- of cancer which take advantage of 
the tissue culture techniques for mammalian 
cells. Since we planned to test a large number 
of materials it was necessary that the test be 
one which gave a maximum of information 
Avithin a short time. The roller tube technique 
of Gey and Gey** was consequently adopted. 
In this procedure thin-walled pyrex glass 
tubes (150 mm x 15 mm) are used. Each tube 
contains 6 pieces of normal embryonic mouse 
skin arranged in a row along the bottom Uiird 
of the tube and a’ row of 6 mouse tumor frag- 
ments similarly arranged on the opposite wall 
of the tube. Occasionallj'^ a third row of 6 
pieces of a second tumor is placed in the tube. 
The mouse tumors used have been in-strain 
transmittable mouse sarcoma L946 from C-57 
mice and lung tumor M.A,3S7 from AK mice. 

The tissue fragments are held in place with 
a thin layer of chicken plasma clot. The nu- 
trient medium totaling one ml consists of 
0.4 ml Gey's solution, 0.2 ml chick embryo 
extract. 0.1 ml human placental serum and 
0.3 ml horse serum. The tubes are closed 
with sterile rubber stoppers and incubated 
at 37'’C in a rotating drum. 

Our customary procedure is to incubate the 
tubes for 24 hours, then e.xamine and grade 
the cells that have grown or migrated from 
each e.xplant. Xutrient medium to the volume 
of 0.1 ml is withdrawn from the tube and 
the test material in a volume of 0.1 ml 
is then added to the nutrient medium. 
The lubes are incubated for another 
24 hours, and the groiA'ing cells again graded. 

KfCorm.Aii, I., Piol. Bull., 1947, in press. 

HGcy, G. 0., .niul Gey, M. K., Jm. J. Cancer, 
■ J93G, 27, 4.5. 
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Sydenstrkker, Schmidt and HalP have re- 
ported the development of cataracts in rats on 
a histidine-deficient diet. The study reported 
here was occasioned by the discovery of a 
well-developed cataract in a rat fed on a diet 
deficient in phenylalanine. 

Methods. The rats used were from a Wistar 
strain. When 25-28 days of age the}'' were 
placed in individual cages and given e.\peri- 
mental diet and water ad libitum. The phen- 
3 'lalanine-deficient diet and a similar control 
diet used were those described by Syden- 
stricker, Hall, Bowles and Schmidt.'* The 
development of cataracts was studied in 15 
rats from 5 litters which were fed the phenyla- 
lanine-deficient diet. Seven rats from the 
same litters were fed the control diet. Three 
times -weekly the eyes were examined for 
lenticular abnormalities with the biomicro- 
scope after dilating the pupil with 0.5% 
solution of atropine sulphate in physiological 
saline solution. As soon as possible after the 
death of each deficient rat the lenses were re- 
moved, immersed in saline, and examined 
under a dissecting microscope. 

Three deficient rats with cataracts of vary- 
ing degrees of development were changed to 
the control diet so that any resulting regres- 


3 Syclenstriekcr, V. P., Selimidt, H. L., Jr., and 
Hall, W. K., Pnoc. Soc. Exp. Biol, and JIed., 
1947, 64, 59. 

•i Sydensti-icker, V. P., Hall, W. K., Bowles, 
L. L., and Selimidt, H. L,, Jr., J. Xutrition, 1947, 
34, 481. 


sion of the lenticular changes could be ob- 
served. 

Results. Definite lenticular changes were 
observed in all but 2 of the IS rats in from 
17 to 33 days (mean, 22 days). These changes 
continued to develop, resulting in a progres- 
sive lessening of the transparency of the 
lenses until at the time of death, after 20-53 
days on the diet, various degrees of opacity 
were obseix'ed. The earliest change was a 
slight haziness of the lens substance. Ne.xt 
the lens star became visible. This was fol- 
lowed by a separation of the superficial fibers, 
and sometimes by a rough granular appear- 
ance of the epithelial layer. No changes in 
the lens capsule were observed, Finall}', in 
the posterior portion of the lens a dense 
central opacity developed, eventually filling 
the central portion of the lens and leaving 
only a narrow peripheral portion compara- 
tively clear. 

Changing the deficient rats to the control 
diet resulted in a reversal of only the more 
superficial changes in the lens. 

In none of the control rats were any lenticu- 
lar changes observed. 

Summary. The lenticular changes observed 
to result from phenylalanine-deficiency in the 
rat were diffuse haziness, opacity of die star, 
progressive separation of the fibers, granular 
changes in the epithelial layer and the devel- 
opment of dense central cataracts. Onl}' the 
more superficial changes in the lenses were 
found to be reversed by adding <//-phenyla- 
lanine to the diet. 
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Effect of Podophyllin on Tumor Cells in Tissue Culture."^ 

Richard A. Ormsbee,! Ivor Cornman, and Ruth E. Berger. 
(Introduced by C. P. Rhoads.) 

From the SIoan-Kcttering Institute for Cancer Fcscarch, New Tort: CUii 


Podophyllin, N.F. is a mi.xture of substances 


* This research has been supported by grants 
from the Elsa H. Pardee Foundation and the 


liting Foundation. . t , 

f Present address, Boeky Mountain Laboratori, 
tional lustituto of Health, Hamilton, Mont. 


derived from the roofs and rhizomes of tlie 
mandrake plant by hot ethanol e.vtraction 
and subsequent precipitation in dilute HCl. 
V'arioiis preparations of the mandrake plant 
have been in use for at least a hundred years 
as la.xatives and more recenth- as supposed 



PODOPHYLLIN ON TUMOR CEtLS IN TISSUE CULTURE 


589 


TABLE I. 

Screening Test — Podophyliinj 12 nig/1; K, Normal Fetal House Skin; L, Sarcoma, L94G; H, 
Lung Tumor MA387. 



Tube No. 1 24-lir data Tube No, 

f \ f 

N li AI X i 

O 

Growth 

12 

22 

16 

IS 

29 

15 

Li'sis inliibition 

24 

21 , 

, 20 

24 

OO 

17 

% rounding 

0 

1 

0 

0 

1 

0 

Degree rounding 

0 

3 

0 

0 

3 

0 

% granulation 

24 

24 

24 

24 

24 

24 

Degree granulation 

12 

12 

12 

12 

12 

12 

Disintegration 

0 

0 

0 

0 

0 

0 

Total 

36 

40 

36 

36 

40 

36 




48 hr data 



Growth 

14 

25 

19 

18 

24 

19 

Lysis inhibition 

24 

14 

19 . 

24 

IS 

16 

% rounding 

0 

24 

20 

0 

24 

20 

Degree rounding 

0 

12 

9 

0 

18 

11 

% granulation 

24 

24 

24 

24 

24 

24 

Degree granulation 

12 

18 

17 

12 

IS 

IS 

Disintegration 

0 

0 

1 

0 

0 

0 

Total 

36 

78 

71 

36 

84 

73 


Selective index of L94C = 41. 
Selective index of HA3S7 =r 3(5. 


details of Duclear structure can be seen in the 
living cells, stained preparations indicate 
considerable nuclear derangement. The chro- 
matin is represented b}' disorganized frag- 
ments in most cases and considerable degree 
of pycnosis in others. slight amount of cell- 
ular disintegration often is manifest by the 
presence of cellular debris in the culture. 
Essentially the same phenomena occur in 
normal cells but only at higher concentra- 
tions of podophyllin. 

Selective damage to the tumor cells as 
compared with normal cells is obtained with 
podophyllin over a concentration range of 
0.08-20.0 mg 1. Within these concentrations 
the Selective Inde.v varies from 10 to 45, with 
the highest scores occurring in the concentra- 
tion range of 0.3-2. 5 mg-'l. 

This picture of cellular damage and destruc- 
tion is reversible under some conditions. When 
podophyllin concentrations of 5 mg/1 or less 
are employed, and the podophyllin removed 
after 24 hours’ treatment by replacement with 
fresh normal medium, the normal cells may 
recover normal appearance and resume nor- 
mal growth. Tumor cells, on the other hand, 
have not shown recovery unless the concen- 


trations .employed were 0.6 mg/I or below. 

This compares with results found with 
crude penicillin, from which normal fibro- 
blasts quickl.v recovered whereas sarcoma 
cells died.^- 

The specific effects of podophyllin and its 
components on haryokinesis and cell division 
are of considerable interest, particularly in 
view of the fact that nuclear damage includ- 
ing abnormal mitosis has been produced in 
sarcoma L946 and lung tumor M.\387 grow- 
ing in mice. In these e.xperiments e.xtensive 
damage to mouse tumors in vivo was produced 
by the parenteral administration of podo- 
phj’liin. Studies on cell division as well as 
investigations of the biochemical and carcino- 
clastic actions of this material are now in 
progress. 

Tissue culture tests with podophylioto.vin 
indicate that this compound is not as effective 
as crude podophyllin in causing selective 
damage to tumor celis. .Also, the concentration 
range within which these slight effects are 
obtained is quite narrow, in contrast to the 
wide effective concentration range of podo- 

*■- CoTiminij, I„ .7. Ocn. Pht/sM., 1944. 2S. 113. 
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The tumor tissue is removed at this time 
and implanted into susceptible mice. The 
normal tissue is grown for 4 days longer in 
fresh normal nutrient medium and again 
graded. 

In grading the outgrowths of cells from 
the original tissue fragments at 24 hours, 
4S hours, and again at 6 days, all visible 
microscopic changes that can be adequately 
observed in living cells are e.xamined. The fol- 
lowing points are noted and a grade of 0 to 
4 assigned to all e.xcept "growth” for which 
the score runs from 0 to 6; 1) “growth,” 2) 
inhibition of lysis of the plasma clot, 3) num- 
ber of abnormally rounded cells, 4) severitj^ 
of cell rounding, S) number of cells with 
granulated ci'toplasm, 6) intensity of cyto- 
plasmic granulation, and 7) extent of cell 
disintegration. 

The scores for 3, 4, 5, 6, and 7 are added 
and b}' subtracting similarly calculated con- 
trol values, a damage score for tumor cells 
termed the "Selective Index” is derived. This 
is represented by the formula — 

SI [ (T.jS Toj) ^ — 

r c c c c I 

UT4S-T24)-(K48-N24)I 
w'here T represents tumor tissue, N represents 
normal embryonic mouse skin, the super- 
script E represents experimental tube, the 
superscript C represents control tube and the 
subscripts 48 and 24 refer to the composite 
damage grades at those hours. 

The Selective Index plus the scores for 
“growth" and inhibition of lysis of the plasma 
clot are useful in assessing the effects of 
chemotherapeutic candidates. The compara- 
tive effects on normal and tumor tissue of a 


more or less extensively in the treatment of 
human cancer have given negative results in 
this test. These include I'arious nitrogen 
mustards, heptaldehyde, urethane, Fowler’s 
solution, benzene and stilbamidine. 

The podophyllin in these experiments was 
precipitated from a 95% ethanol solution 
in 10% gum acacia and subsequently diluted 
in 0.87% NaCl to the desired concentrations. 

Experimental. Table I shows the results of 
a representative experiment with podophyllin. 
In this e.xperiment each tube contains 6 pieces 
each of normal fetal skin, L946 and MA387. 
The figures presented each represent the sum 
of the scores for 6 tissue fragments. In 
this experiment the terms (T^| — T-^) and 
were zero in parallel control 
preparations and — Iv^^) can be seen to 
be zero from Table I. The Selective Index was 
calculated therefore simply by subtracting 
the 24-hour tumor damage scores from the 
48-hour tumor damage scores and averaging 
the results from the 2 tubes. 

It is seen that podophyllin is significantly 
more damaging in vitro to mouse tumors 
L946 and M.4387 than to normal embr 3 ’onic 
mouse tissue including fibroblastic and epi- 
thelial elements. 

Linder the influence of podophyllin the 
tumor cells, which are typically spindle shaped 
and have long slender cytoplasmic processes, 
become rounded or lobose in form. Migration 
of the cells from the e.\plant appears to be 
repressed. Normal fibroblast cells show the 
same changes but only at much higher con- 
centrations of podophyllin. The tumor cells 
(unstained) which normally spread out in 


large series of materials can be easily com- a loose interlacing sheet, coalesce into a dense 
pared on this basis. The term “growth” here and closely packed sheet or ring around the 
means both cell migration and cell prolifera- original e.xplant. Isolated cells in the plasma 
tion and actually represents simply the in- clot appear rounded and smaller, as though 
crease around the original e.xplant in the some dehydration had occurred. The nucleus 
area which is covered by cells originating in disappears from sight leaving only^ granular 
the explant. cytoplasm. There is a striking change in the 

Selective Indices of 0 to 10 are considered normally fine cytoplasmic granulation. The 
negative 10 to 30 are considered significant fine granules are replaced by larger granules 
and over 30 highlv significant. Less than 10% which aggregate in clumps throughout the 
of all materials thus far tested in this manner cytoplasm. The non-granular portion of the 
L o-iven significant differential effects. A cytoplasm loses its fine structure and assumes 
numbe^r of substances that have been used a clear hyaline appearance. Although few 



Ability of Tumor Cells to Lyse Plasma Clots 


591 


TABLE I. 


Tlie Effect of Varying tlio Aqueous Humor/Cliicken Serum Eatio in the Supernatant of EoUer- 
Tuhe Cultures of Sarcoma ISO. Data represent average of 2 or more experiments. 

A.H. = Aqueous Humor; C.P. - Chicken Plasma; C.S. = Chicken Serum; 37°C. 


Clot 

Supernatant concen- 
tration of AH to 
C.S. 

Lysis 


Growth 

24 hr 7 

2 hr 

24 hr 

72 lir 

AH/CP = 

1:2 3:1 

0 

2.0 

2.5 

4.5 

}} 

2:1 

0 

1.0 

2.0 

4.5 

7 7 

1:1 

0 

0 

3.0 

4.5 

7 7 

1:2 

0 

0 

1.5 

4.0 

7 7 

1:3 

0 

0 

2.5 

4.5 


Growth of Sarcoma 180 

TABLE 11. 

in the Ahsence of Serum. Data from one experiment hut 
sentative of additional duplicate trials, ST^C. 

are repre- 

Clot 

Supernatant (drops) 

r \ 

Salt solution Chicken embryo extract 

Lysis 

4Shr 

Growth 

48 hr 

Chicken plasma 

10 0 

0 

3.5 

3 7 

77 

9 1 

0 

4.5 

7 7 

7 7 

8 2 

0 

4.0 

77 

77 

7 3 

0 

4.5 

77 

77 

0 4 

0 

4.0 


faction although they have been unsuccessful 
in extracting such a component from tissue. 

In our e.xperiments, mouse Sarcoma 180 
was grown in roller tubes in a chicken plasma 
clot with a supernatant ordinarily composed 
of a balanced salt solution,® mammalian serum 
and chicken embryo extract (one part minced 
whole embryo to one part balanced salt solu- 
tion). In such a preparation the clot was part- 
ly liquefied within 24-48 hours. This liquefac- 
tion sometimes continued until the tissue 
fragment was entirely surrounded b}" a ring 
of liquefaction. Our investigation was con- 
cerned with attempts to control such lique- 
faction and to examine the nature of the 
mechanism involved by altering the medium 
in which the tumor is customaril}" grown. 

Material and Methods. The ability of 
various tumors to grow in the anterior cham- 
ber of the rabbit’s eye suggested the use of 
aqueous humor in tissue culture. In our first 
e.\-periments, the aqueous humors of rabbit, 
sheep or steer were incorporated in the plasma 
clot. The effect of modifying the serum con- 
tent of the supernatant nutrient medium was 
also e.xamined. Preliminary experiments were 

CGcv, G. O., and Gey, M. K., Am. J. Cancer, 
103G, tlT, 43. 


carried out in iila.ximow slides in which hang- 
ing drop cultures were set up with various 
ratios of aqueous humor and chicken plasma 
in the clot. Subsequent e.xperiments were car- 
ried out in roller tube cultures following the 
technique of Gey and Gey.® Tissue fragments 
were oriented in glass culture tubes and then 
covered with a layer of chicken plasma. After 
clotting of the plasma was complete, the 
supernatant fluid was added and the tubes 
were incubated at 37°C in a rotor. Seven 
to 12-day-old mouse Sarcoma ISO tumors, 
carried in CFAV mice, were used in all the 
e.xperiments. The degree of lysis was graded 
by dividing the perimeter of the tumor frag- 
ment into four quadrants, each with a value 
of one. Thus, lysis in one quadrant was as- 
signed a grade of 1; 2 quadrants a grade of 
2, etc. The amount of growth was graded in 
a similar manner. A grade of 4 indicated a 
complete fringe of growth around the frag- 
ment. When the width of growth was equal 
to the diameter of the fragment, a grade of 5 
was assigned. 

Results. In ^laximow slide hanging drop 
preparations in which aqueous humor was 
incorporated in chicken plasma clots no lysis 
of the clot appeared over a 4-day period.' al- 
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phyllin. 

Conchistom. I. Podophyllin exerts a se- 
lecti'i’e damaging effect on mouse tumor cells 
in tissue culture over the concentration range 
O.OS-20.0 mg/I. 2. This damaging effect is 
more easily reversible in normal than in tumor 


cells. 3. Podophyllotoxin is not as effective 
as podophyllin in causing selective tumor 
damage.. 4. In vivo studies with tumor-bearing 
mice confirm the selective tumor damaging 
effects of podophyllin which were first noted 
in tissue culture preparations. 
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Experimental Alteration of the Ability of Tumor Cells to Lyse Plasma 

Clots in vitro* 

Paul Goldhaber, Ivor Cornman, and Richard A. ORMSBEE.t 
' (Introduced by C. P. Rhoads.) 

From the Sloan-Keticring Institute for Cancer itesenreh, New Xork Ciln 


One of the outstanding characteristics of 
tumor cells when grown in tissue culture 
is their ability to 13'se the plasma clot in 
which they are embedded. This liquefaction 
of the clot has been mentioned by many in- 
vestigators. Drew/ comparing cultures of 
normal and malignant tissues in vitro, noted 
that a 24-hour culture of mouse embryo heart 
tissue showed a ring of growth around the 
periphery of the original fragment, while a 
corresponding culture of mouse sarcoma 
showed a similar ring of growth separated 
from the original e.xplant b}^ a circular area 
of liquefaction. The growth of mouse sarcoma 
in rat plasma was described by Lambert and 
Hanes' as being “ring-form,” since Ij'sis of 
the clot allowed the contracting fibrin to re- 
tract from the original fragment, leaving the 
fragment situated on Che peripherj- of the 
circle of cells like the setting in a signet ring. 
Carrel and Burrows" attributed their lack of 
success in the cultivation of human carcin- 


* Tlus research has been supported by grants 
from the Elsa TT. Pardee Poundation and the 
Wliiting Poundation. 

i Present address, Pocky Mountain Laboratory, 
National Institute of Health, Hamilton, Mont. 

1 Drew, A. H., Srit. J. Exp. Path., 1922, S, 20. 
a Lambert, P. A., and Hanes, F. M., J. Exp. 
Meet. 1911, 13, 495. 

3 Carrel, -A., and Burrows, M. T., F Exp. Med., 
1911, 13, 571. 


oma to rapid liquefaction of the plasma clot. 

It is important in the analj^sis of the nature 
of this Ij’tic process to note that tysis of a 
plasma clot can be induced by normal tissue. 
Over 30 years ago, Fleisher and Loeb* ex- 
amined the fibrinoli'tic effect of various tissue 
fragments surviving in vitro on the plasma 
of different animals. In general, it was found 
that mammalian tissues Ij'sed clots formed 
from mammalian plasma, but had no lytic 
effect on chicken plasma clots. It was further 
reported that normal chicken tissues were 
complete]}' ineffective in producing lysis of 
either mammalian or chicken plasma clots. 
The liquef}dng power of tissues usually de- 
creased when a large amount of chicken plas- 
ma was added to the standard rabbit plasma 
clot. 

Very recent!}', Astrup and Permin® re- 
ported that tissue slices from different mam- 
mals (o.\', pig, rabbit and rat) produced lysis 
of the o.v fibrin clots in which they were em- 
bedded, the degree of lysis depending on the 
organ and species of animal used. They, too, 
found that chicken tissues did not cause lysis 
of such clots. They suggested that a pro- 
fibrinolysin in the plasma is activated by a 
cellular kinase, and thereupon causes lique- 

■> Fleisher, M. S., and Locb, L., J. Eiol. Chem., 
1915, 21, 477. 

5 Astrup, T., and Permin, P. M., Nature, 1947, 
159, CSl, 
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aclivation of the serum containing profibrin- may be due to differences in the amount of 
olysin or the omission of serum from the profibrinolysin present in the different sera, 
culture medium explains the lack of lytic Correspondingly, mammalian aqueous humor 
activity in such cases. The different degrees can be considered as a dilute mammalian 
of lysis occurring when various sera are used serum which contains only profibrinolysin. 
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though there was extensive tissue growth. The 
most vigorous growth was obtained with 
concentrations of aqueous humor to chicken 
plasma of 1:1 and 1:2. Normal growth of 
the tissue for a period e.xceeding 4 da3'S has 
not been successful, the cells becoming ex- 
tremely granular and rounded, and eventually 
disintegrating. 

All subsequent experiments were carried 
out in roller tubes. In these preparations lysis 
of the aqueous humor/chicken plasma clots 
occurred when a supernatant fluid containing 
mammalian serum was present. Bj' varying 
the constituents of the supernatant, it was 
possible to block this Ij'tic action. If the ratio 
of aqueous humor to chicken serum was 1:1 
or 1:2 in the supernatant fluid, no lysis 
occurred. Further e.xperiments (Table I) 
showed that the chicken serum was the re- 
sponsible factor in preventing 13'sis. Aqueous 
humor did not inhibit l3-sis. On the contrar3f, 
if present in high enough concentration, it 
promoted fibrinolysis. 

Table I shows that as the concentration of 
aqueous humor decreased and the concentra- 
tion of chicken serum increased, the amount 
of lysis decreased. At an aqueous humor/ 
chicken serum ratio of 1 : 1 in the supernatant, 
lysis was completel3’ absent and growth was 
apparently unaffected. With higher concentra- 
tions of chicken serum in the supernatant, 
lysis was similarly absent although growth 
appeared to be adversely affected. 

When all sera were omitted from the super- 
natant fluid, leaving onh’^ the balanced salt 
solution and chicken embryo e.\'tract, no 


Wsis of the chicken plasma dot occurred, 
although there was good growth. The addition 
of chicken embryo e.xtract did not stimulate 
lytic activity even though more extensive 
growth occurred. These data are presented 
in Table 11. 

Table III summarizes the roller tube ex- 
periments in which the supernatant medium 
was altered in attempts to prevent lysis of the 
clot. In these experiments a clot composed 
soleiv of chicken plasma was employed. _ 

It'will be noted that the presence of avian 
serum in the supernatants is correlated with 
. Se occurrence of little or no lysis, while tne 


TABLE III. 

PLisma Clot Lysis .at 4S Hours in Poller Tube Cul- 
tures of Mouse S.arconia ISO Cells in the Presence 
of ILarious Sera. 37^C. C.P. — Cliidcen pl.isra.'i ; 
H.S. Horse serum; C.S. ^ Chicken serum; 


R.S. 

= Rabbit serum ; Hu.S. 

=: Human serum. 

Clot 

Supeniatajif 

Lysis 

Growtli 

C.P. 

Cbicken serum 

0 

4.0 

3 > 

Duck spi'iim 

0 

4.5 

13 

Horse serum 

2.0 

5.0 

}J 

H.S. -1- as. (2:3) 

0 

5.0 

It 

Rabbit scrum 

2.0 

4.5 

tt 

R.S. -f C.S. (2:3) 

2.0 

5.0 

it 

Human serum 

4.0 

4.5 

ft 

Hu.S. -f C.S. (2:3) 

2.5 

4.5 


Hu.S. + CjS. (2:4) 

1.0 

4,5 


* Includes a balanced salt solution and chicken 
embryo e.xtract. 


presence of mammalian sera resulted in a 
significant degree of lysis. The addition of 
sufficient amounts of chicken serum (repl.ic- 
ing an equal volume of the balanced salt 
solution) to the mammalian sera resulted in 
loss of lytic activity'’, rabbit serum being an 
e.xception — at least at the concentrations 
tested. 

With human serum in the supernatant, the 
liquefaction at 72 hours was so complete 
around the fragment that it was occasionally' 
washed away, leaving an empty space sur- 
rounded by' a ring of cells. The use of serum 
previously heated at 56 "C for 3 hours re- 
sulted in the complete absence of lysis and 
rapid growth of the cultures. Fig. 1 shows the 
effect of heating the serum. 

Discussion. Inasmuch as omitting serum, 
using heterologous serum, or heating the 
serum affects the amount of liquefaction, it 
seems probable that serum contains a factor 
essential to the lytic mechanism. Since the 
area of liquefaction is invariably contiguous 
with the tumor fragment, it appears that the 
tissue also contributes to the lytic mechanism. 
The e.xperimental data presented are in har- 
mony' with blood enzyme studies' in which it 
has been suggested that an active proteolytic 
enzy'me is produced as the result of an inter- 
action of a cell activator (streptokinase) and 
the profibrinolysin normally' present in plasma 
and serum. According to this theory heat in- 

T Ciiristensen, L. H., J. Gen. Physiol., 1945, 
28, 303. 
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that there was no lysis. 

The anti-lytic effect of chicken plasma used 
in culturing mammalian tumors has been 
established by other investigators. Gey and 
Gey® have reported that the use of a large 
amount of chicken plasma helped to prevent 
early liquefaction, but sometimes delayed 
growth. A strain of sarcoma cells derived from 
a dibenzanthracene mouse tumor was cultured 
in vitro for more than two years b}’ Jacoby,^® 
with almost no liquefaction of the chicken 
plasma clot. The supernatant consisted of 
chicken serum, chicken embr}^ juice and 
Tyrode solution. Lewis and Strong, in a 
survey of over 50 different spontaneous mouse 
tumors in tissue culture, found that the 
cultures rapidly liquefied the clot when it was 
composed of mouse plasma or a mixture of 
mouse and chicken plasma. In chicken plasma, 
however, such liquefaction did not occur. 

In assigning the proflbrinolysis to the 
serum and the kinase to the cells we are fol- 
lowing the current ideas of Christensen and 
^IcLeod.'-^- Our data are not such as to 
eliminate the inverse possibility: profibrino- 
ly.'-in in the tissue activated by a blood kinase. 

JO Jacoby, F., h'aiure, 1943, 152, 299. 

11 Leivis, M. E., and Strong, L. C., Am. J. 
Cancer, 1934, 20, 72. 

10 Christensen, L. K., and McLeod, C. M., <7. Gen. 
Physiol., 1945, 28, 559. 


We cannot assume that there are differences 
onh- in the amount of profibrinolysin of var- 
ious animal sera. There mat' be differences in 
the amounts of activator released by the cells 
of animals of difi'erent orders, since Fleisher 
and Loeb,'* and Astrup and Permin® have 
reported differences in the lytic activity of 
tissues from various animals. 

Summary. 1. !Mouse Sarcoma 180 cells, in 
the presence of mammalian serum, cause lysis 
of chicken plasma clots. 2. IMammalian aque- 
ous humor has slight influence on the fibrino- 
h'tic process. 3. WTien Sarcoma 180 is grown 
in the presence of avian serum, no lysis 
occurs. If a sufficient quantitx’- of chicken 
serum is added to a supernatant fluid con- 
taining mammalian serum there is a decrease 
in the amount of clot l3'sis. 4. Lysis of the 
plasma clot bi-^ Sarcoma 180 does not occur 
when mammalian serum previously heated 
to 56 °C for 3 hours is used, or when all serum 
is omitted from the supernatant. 5. The difiier- 
ent degrees of lysis obtained when sera from 
various mammalian orders are used may be 
due to differences in the amount of pro- 
fibrinolysin contained in the various sera. 6. 
There are two factors necessary for the lytic 
mechanism, tentativelj- classified as a pro- 
fibrinolysin from the serum, and an activator 
of the profibrinolj'sin derived from the tissue. 
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Dichotomy Between Hypophyseal Content and Amount of Circulating 
Gonadotrophins During Starvation.* 


WlLUAXI O. hlADDOCK AND CaRL G. HeLLER. 
From the Dcpnrlmait of Physiology, University of Oregon Medical 


The amounts of gonadotrophin contained 
witliin the pituitary gland have often been 
assumed to parallel the amount produced and 
released into the blood stream. Since the 
gonadotrophic hormone content of the h\qx)- 

• Supported in part by a grant from tlie EU 
Lilly Company through the courtesy of Dr. D. C. 
nine?. 


School, Portland, Oregon, 

physis must be the resultant of the amounts 
produced and the amounts released, they do 
not necessarily parallel each other, it is 
the purpose of this investigation to assess the 
effect of acute starv'ation on pituitary gonad- 
otrophic hormone content and its release into 
the circulation. 

The effective amount of circulating gonad- 



594 


Ability of Tumor Cells to Lyse Plasma Ceots 


When mammalian Sarcoma ISO is grown in the 
presence of avian serum, the absence of lysis in 
this case may be due to (1) lack of sufficient 
profibrinolysin in the serum, or (2) the in- 
ability of mammalian tissue to activate avian 
profibrinolysin. Since the Rous chicken sar- 
coma causes extensive liquefaction of chicken 
plasma clots,® it appears that chicken plasma 
does contain profibrinolysin. It is more likely, 
therefore, that mammalian tissue is unable 
to activate avian profibrinolysin. The in- 
hibitory effect of chicken serum on the lytic 
activity of various mammalian sera may be 
explained by assuming that the profibrino- 
lysin of the chicken serum combines with the 
activator from the mammalian tumor Sarcoma 
180 to form an inactive complex; 

Kinase -f Profihrinolrsin > Pibrinotj-sin 

(JSlnmmalinn (Aetire) 

tissue) serum) 

Kinase -f Profibrinolysin > Kinase- 

(Maninialiaii (Avion serum) Profibrinolysin 
tissue) (Inactive) 

Thus, if sufficient avian serum is added to 
mammalian serum in the presence of mam- 
malian cells, it effectively removes the mam- 
malian kinase through formation of the in- 
active complex and prevents activation of the 
mammalian profibrinolysin and subsequent 
lysis of the fibrin. 

This h 3 'pothesis is further supported by 
the data presented in Table IV. Chicken 
serum previously heated to 56°C for 3 hours 
was added to a mammalian tissue preparation 
with a supernatant containing mammalian 
serum. No inhibition of the lytic process was 


observed. 

The absence of lysis in preparations in which 
heated human serum was used exclusively in 
the supernatant might be e-xplained by post- 
ulating the activation of inhibitory substances 
due to prolonged heating at 56 C. However, 
the addition of heated human serum to super- 
natants containing only normal human serum 
did not result in any significant effect on the 
lytic process. This indicates that the heated 
human serum did not contain an inhibitor, 
■inrt that the absence of lysis m tubes in 

which the supernatant contained only heated 

ilum is bestjxplaine^^ 


TABLE ir. 

Effect of Heated Serum on Lysis in tlie Presence of 
TTuheated Human Serum. Eaeli datum represents 
duplicate determinations. C.P. = Cliicken plasma; 
C.S. — CJiickcn serum; JSii.S. Human serum. 
Eoller tube cultures, 37°H 


Clot 

Supernatant* 

4S hr 

Lysis Grovth 

C.P. 

Hu.S, -f C.S. (2:4) 

1.0 

4.5 


” -k heated C.S. (2:4) 

3.5 

4.5 


+ (2) 

3.5 

4.0 

ff 

” + (6) 

3.5 

4.0 

i J 

” -k heated Hu.S. (2:2) 

4.0 

4.0 

) ) 

” 4 - ” ” ( 2 : 4 ) 

3.0 

4.0 


* Includes a balanced salt solution .and eliicken 
cmbrj'o extract. 


struction of a proenzjmie or enzyme con- 
cerned with fibrinolysis. 

Fischer,® working with the Rous chicken 
sarcoma, which liquefies chicken plasma clot, 
was able to grow this tumor without lique- 
faction in a clot made from rabbit plasma. 
In this case it may be that the reciprocal 
event occurs: avian tissue kinase forms an 
inactive complex w’ith mammalian profibrino- 
lysin. Fischer further found that on the ad- 
dition of fresh chicken serum to the rabbit 
plasma, lysis of the clot occurred; whereas 
chicken serum heated at Sfi'C for 3-4 hours 
produced no such action. Since chicken tumor 
cells caused liquefaction of the clot in the 
presence of chicken plasma or chicken serum 
but not in the presence of rabbit plasma, 
Fischer concluded that lysis occurred only 
in the presence of homologous plasma or ser- 
um. It is not clear how exclusive his use of 
the term “homologous" is intended to be. 
We have shomi that differences in sera from 
other mammalian orders are not sufficient 
to prevent tysis bj’’ mouse Sarcoma 180. 
Lambert and Hanes® demonstrated that when 
rat and mouse sarcoma cells were grown^ in 
the plasma of various animals, liquefaction 
occurred in the presence of the plasma of 
guinea pig, rabbit, dog and human (the latter 
producing the greatest amount of liquefac- 
tion). In goat plasma there was neither 
growth nor lysis. Although there was good 
growth in pigeon plasma, the authors imply 

9 Lambert, E. A., and Hanes, P. JI., •!. Kzp. 
Med., 1911, 14, 129. 
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anterior pituitary twice a day for 3 days 
(from the 9th through the 11th day of starva- 
tion). A second series of rats (8 months old) 
were starved for 16 days and compared with 
fed controls. 

Pituitary gonadotrophin content was meas- 
ured bj^ suspending each anterior pituitary 
gland in 6.0 cc of water by repeatedly drawing 
into and expelling from a syringe, then in- 
jecting into one 22- to 25-day-old Sprague- 
Dawley female rat, 1.0 cc twice daily for 3 
days. The assay rats were killed 24 hours 
after the last injection. 

Gonadotrophic hormone for injection into 
the starved adult rats was obtained from the 
anterior pituitary glands of adult rats castrat- 
ed 10 months previously. The anterior pitu- 
itarj" glands were suspended in sufficient water 
so that injecting 0.5 cc twice daily for 3 days 
equalled administering one half gland. 

Results are tabulated in Table I and repre- 
sented schematically in Fig. 1. 

Discussion. The starved rats reacted as if 
they had been hypophj'sectomized in that 
ovaries, uteri and vaginal epithelium under- 
went marked atrophy. They did not differ 
from hypophysectomized rats as concerns 
their potential capaciU- to respond to e.xo- 
genously administered gonadotrophins, since 
administration of rat pituitary suspension, 


rich in gonadotrophins, restored ovarian, 
uterine and vaginal cells to normal. There- 
fore, the conclusion that the circulating blood 
was low in gonadotrophin content seems war- 
ranted. 

Pituitary content of gonadotrophin, meas- 
ured direct!}!, was not below normal. In fact, 
judged as potency per milligram of gland 
tissue, the starved rats’ pituitary glands 
(since anterior pituitary weight had fallen 
circa 40% during staix'ation) were more po- 
tent than normal. 

Thus a clear-cut dichotomy between pitui- 
tary content of gonadotrophin (normal 
amounts) and the amount of circulating 
gonadotrophins (low levels) has been estab- 
lished. 

Pituitary content of gonadotrophin is the 
resultant of the relationship between the 
amount produced and the amount released. 
In acute starvation it is plain that failure of 
release occurs, as no peripheral gonadotrophin 
activity is detectable. Production of gonado- 
trophins must also be decreased since despite 
the lack of release, excesses are not accumu- 
lated within the gland. It is unlikely that the 
gonadotrophins ivould remain unchanged with- 
in the hypophysis for the entire e.xperimental 
period of 12-16 days. It is more likely that 
the release mechanism fails completely and 
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otrophins appears to drop markedly during 
starvation as judged by ovarian atrophy, 
uterine atrophy, and anestrus vaginal smears 
in rodents,^"' and amenorrhea in women. The 
target organ atrophy is not due to a refractor 3 '^ 
state of the ovaries but to absence of gonado- 
trophins. This is suggested bj'^ the capacit\' of 
the ovaries of starved rodents to respond to 
injections of gonadotrophins^’^d.c.i and the 
reduced urinarj'^ gonadotrophin output in wo- 
men.®'® 


Hypophyseal content of gonadotrophins has 
been determined in chronically star\'ed rats 
and found to be decreased by Mason and 
Wolfe® and Werner^ and not changed from 
normal by Marrian and Parkes.^ In more 
acutely starved rats Pomerantz and Mulinos^® 
could detect no decrease from normal. Each 
group of investigators used the method of im- 
planting entire pituitary glands into the re- 
cipient assay rats. Since, following implanta- 
tion, necrosis, growth and elaboration, or 
encapsulation may occur, the delivery of 
gonadotrophic hormone is exceedingly var- 
iable. This alone may account for the diver- 
gent results reported. 

Methods. Adult (5 months old) Sprague- 
Dawley female rats were divided into three 
groups; Control rats fed ad libitum; rats 
star\^ed for 12 da 3 's: and rats starved for 12 
days and injected mth a suspension of rat 

1 Marrian, G, F., and Parkes, A. S., Proc. Soy. 
Soc. London, 1929, 103b, 248. 

2 Mason, K. E., and Wolfe, J. M., Anat. See., 
1930, 45, 232. 

3 Mulinos, M, G., Pomer.antz, L., Smelser, J., 
and Kurzrok, E., Pboc. Soc. Exp. Bzol. anp Med., 
1939, 40, 79. 

4 Werner, S. C., Peoc. Soc. Exp. Biod. axd Med., 
1939, 41, 101. 

5 Mulinos, M. G., and Pomerantz, L., J. Nutri- 
tion, 1940, 10, 493. 

0 Stephens, B. J., and Allen, W. M., Endocrin- 
ology, 1941, 28, 580. 

T Drill, V. A., and Burrill, M. W., Endocrinology, 


1944, 35, 187. 

S Klinefelter, H. P., Jr., Albright, P., and Gris- 
n-nld G. C., J. GUn. Endocrinol, 1943, 3, 529. 

fjungeh-: E. a, Maddoek, W^ 0., and Seller, 
0 G J- Clin. Endocrinol, 1947, 7, 1. 

■ 10 Pomerantz, L., and Mulinos, -M. G., Am. J. 
Physiol, 1939, 126, 601. 
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subculture in media containing increasing 
quantities of this agent. A review of the liter- 
ature on this subject is not included in this 
paper; for this, the reader is referred to the 
recent article of Spink and Perris.^ 

The development of two kinds of resistance 
to penicillin in Staph, aureus has been demon- 
strated by Spink and Ferris.^ The first type is 
an adaptation that can be reproduced in 
vitro by culturing in media containing in- 
creasing quantities of penicillin. The re- 
sistance is only temporary, can be abolished 
by growing the organisms in antibiotic-free 
broth, and cannot be associated with the 
production of penicillinase. The second, which 
occurs in patients as a result of treatment 
with penicillin, gives rise to strains of Staph, 
aureus in which the resistance is permanent 
and cannot be decreased by cultural manipula- 
tion; these organisms produce penicillinase. 

Reports of penicillin resistance in Strep, 
pyogenes are few. One strain of this organism 
which appeared to be naturally resistant to 
penicillin (sensitive to 0.625 units per cc) was 
isolated by Hirsch et air from a patient with 
scarlet fever. Resistance was present when 
therapj' with the antibiotic agent tos first 
instituted and did not develop as a result of 
treatment. Strep, pyogenes was made resistant 
to penicillin in vitro by McRee and Houck. 
They decreased the sensitivity of 3 strains of 
Staph, aureus, one strain each of types I, II, 
and III of D. pneumoniae and one strain of 
Strep, pyogenes to penicillin by growing the 
organisms in broth containing increasing 
amounts of this drug. The resistance of the 
beta hemolytic Streptococcus was increased 
30-fold in a period of 3 months; there was 
an accompanying loss of virulence. Thirty-two 
rapid transfers in plain brotli or 2 months’ 
storage in the icebox produced no alteration 
in the degree of acquired resistance. Reduced 
velocity of growth and variation in colonial 

1 Spink, W. W., .-ind Ferris, T., J. Clin. Invest., 
1D47, 20, 379. 

- Hirscli, n. Ii.. Holinan-Kavkn, 6., Fowling, 
II. Fv anil Sweet, L. K., J. Jni. Med. Assn., 1947, 
l.‘t.1,'G57. 

3 JIcKee, C. M., and Ilouck, C. L., Fnoc. Soc. 
Exp. Bion. .\kd Med., 19-13, 53, 33. 


form were observed during cultivation in 
media containing increasing amounts of anti- 
biotic, but the organisms grew luxuriantly 
after transfer to fresh broth or to blood agar 
plates which contained no drug. No change 
in type of enzyme activity was apparent al- 
though fermentation reactions were much 
delayed. 

The purpose of the present paper is to 
report the development of resistance in sev- 
eral strains of Streptococcus pyogenes follow- 
ing rapid subculture in broth containing in- 
creasing amounts of penicillin and to demon- 
strate the temporary nature of this resistance 
as shown by its abolishment by rapid trans- 
fer in broth containing no drug. The mecha- 
nism of the development of penicillin resist- 
ance in bacteria is controversial and will not 
be discussed here. This subject is reviewed 
in detail in the papers of Luria,* Demerec,® 
and Spink and Ferris.^ 

Methods. Fifteen strains of Streptococcus 
pyogenes recently isolated from the pharjmges 
of patients with scarlet fever were the organ- 
isms used in this study. All of the cultures 
were kept on blood-heart infusion-yeast- 
trjqitose agar and transferred once a week, 
being kept in the icebox in the interim. Peni- 
cillin resistance was determined by the method 
of Rammelkamp.® Solutions of penicillin for 
incorporation into media were made up fresh- 
ly each week and kept in the icebox when not 
in use. The medium in which penicillin re- 
sistance was produced consisted of double 
strength , heart infusion-yeast-tryptose broth 
(0.5 cc) to which was added 0.5 cc of the 
desired dilution of penicillin and 0.1 cc of a 
24-hour culture of Streptococcus pyogenes. 

.-HI the strains of Streptococcus were grown 
first for 24 hours in broth containing no drug 
and their resistance to penicillin determined, 
using an inoculum of between 10,000 and 
100,000 organisms per cc. One-tenth cc of a 
24-hour broth culture of each was then 

* Luri.3, S. E., Pr.oc. Soc. Exp. Bioe. axd Med., 
1940, 61, 46. 

^ Dcmercc, M., Proc. Kat. Acad. Sci., 1945, 

31, 10. 

G Eammelk.'imp, C. H., Peoc. Soc. Exp. Bioe. .ixd 
Med., 1942, 51, 95. 
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early in starvation and that the eventual 
content reflects minimal production. 

The mechanism controlling production and 
release of gonadotrophic hormone during 
starvation has not been elucidated. The pos- 
sibilitj'' that the amount of circulating gonad- 
otrophins or estrogens are major factors in 
controlling pituitary content during ."tarv'a- 
tion seems unlikely since gonadotrophin con- 
tent remains appro.vimately the same despite 
wide variations in the amount of circulating 
estrogens and gonadotrophins (high in gonado- 
trophin injected starved rats, low in starved 
rats and normal in normal rats). 

As a general proposition, release, circulating 
amount and e.vcretion of gonadotrophins tend 
to parallel each other. For e.\'ample, following 
castration, pituitary content, amount in the 
circulation and amount in the urine are de- 
cidedly greater than for intact animals for 
all species tested. Following administration of 
large (unphysiological) amounts of steroid 
sex hormones to either castrates or normal 
animals, pituitary content, amount in the 
circulation and urinary e.\’cretion of gonado- 
trophins fall below normal. Investigation of 
the 13-lined ground squirrel has revealed 
that during the period of sexual inactivit 3 '^ 
(hibernation) gonadal atrophy is associated 


with decreased amounts of gonadotrophic 
hormones in the pituitary and in the circulat- 
ing blood. Just preceding and during the 
period of se.xual activity, there are increased 
amounts of gonadotrophins in the hypophj'sis 
and circulation.^^ 

E.xceptions to this general proposition, 
other than the dichotomy found in starvation, 
have been demonstrated. Lauson, Golden and 
Sevringhaus'- obsen'ed that immature female 
albino rats just prior to the onset of puberty 
had high pituitary' levels of gonadotrophins 
before more than negligible amounts appeared 
in the circulation. At puberty', release was 
affected, and with diminishing content, in- 
creasing circulating amounts were noted. 

Summary. During starvation circulating 
gonadotrophins fall precipitously whereas the 
content of hy'pophyseal gonadotrophin re- 
mains as high as under normal circumstances. 
This is in direct contrast to the usual situation 
in which pituitary gonadotrophin content 
accurately reflects the amount released into 
the circulation. 

11 Moore, C. B., Simmons, O. F., "Wells, I/. J.» 
Zalesky, M., and Nelson, W. 0., Jfiat. Sec., 1934, 
<50, 279. 

12 Lauson, H. D., Golden, J. B., and Sevringhaus, 
E. L., Am. y. Physiol., 1939, 125, 396. 
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The treatment of bacterial infections with 


penicillin rarely leads to an increase in the 
resistance of the causative organisms to the 
antibiotic agent during the course of therapy. 
While such a phenomenon has been described 


• Visiting Fellow to the Haynes Memorial Hos- 
ital and the Department of Medicine, Boston 
[Diversity School of Medicine, from the Depart- 
lent of Medicine, West China Hmon Medical Col- 
;ge, Chengtu, China. 


for Staph, aureus and Strep, viridaus, there is 
no substantiated evidence that it occurs with 
Strep, pyogenes, D. pneumoniae, N. gonor- 
rheae or other organisms in vivo. In vitro 
studies, however, have shown that bacteria 
may' he made less sensitive to penicillin by’ 
certain cultural manipulations. Thus, strains 
of Staph, aureus, which were originally' suscep- 
tible to relatively' small doses of penicillin, 
have been made quite resistant by repeated 
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subculture in media containing increasing 
quantities of this agent. A review of the liter- 
ature on this subject is not included in this 
paper; for this, the reader is referred to the 
recent article of Spink and Ferris.’^ 

The development of two kinds of resistance 
to penicillin in Staph, aureus has been demon- 
strated by Spink and Ferris.^ The first type is 
an adaptation that can be reproduced in 
vitro by culturing in media containing in- 
creasing quantities of penicillin. The re- 
sistance is only temporary, can be abolished 
by growing the organisms in antibiotic-free 
broth, and cannot be associated with the 
production of penicillinase. The second, n-hich 
occurs in patients as a result of treatment 
nith penicillin, gives rise to strains of Staph, 
aureus in which the resistance is permanent 
and cannot be decreased b\^ cultural manipula- 
tion; these organisms produce penicillinase. 

Reports of penicillin resistance in Strep, 
pyogenes are few. One strain of this organism 
which appeared to be naturally resistant to 
penicillin (sensitive to 0.625 units per cc) was 
isolated by Hirsch et al? from a patient with 
scarlet fever. Resistance was present when 
therap}- with the antibiotic agent was first 
instituted and did not develop as a result of 
treatment. Strep, pyogenes was made resistant 
to penicillin in vitro by McKee and Houck.® 
The 3 - decreased the sensitivity of 3 strains of 
Staph, aureus, one strain each of t 3 q)es I, II, 
and III of D. pncinnoniac and one strain of 
Strep, pyogenes to penicillin bj- growing the 
organisms in broth containing increasing 
amounts of this drug. The resistance of the 
beta hemolytic Streptococcus was increased 
30-fold in a period of 3 months; there was 
an accompanying loss of virulence. Thirty-two 
rapid transfers in plain broth or 2 months’ 
storage in the icebox produced no alteration 
in the degree of acquired resistance. Reduced 
velociU' of growth and variation in colonial 

I Spink, Vf. W., and Ferris, V., J. Clin. Invest., 
1047, 20, 370. 

- Hirscli, n. li.. Itotinan-Kavk.T, G.. Dowling, 
n. F., and Sweet, h. K., .7. Jni. 2lcd. Assn., 1947, 
l.'W, G57. 

3 JlcKec, C. jr., and Ilonck. C. L., Pr.oc. Soc. 
Exp. Bion. .\xt> Men., 1943, 53, 33. 


form were obsen'ed during cultivation in 
media containing increasing amounts of anti- 
biotic, but the organisms grew luxuriantly 
after transfer to fresh broth or to blood agar 
plates which contained no drug. Xo change 
in type of enz\-me activiU' was apparent al- 
though fermentation reactions were much 
delav'ed. 

The purpose of the present paper is to 
report the development of resistance in sev- 
eral strains of Streptococcus pyogenes follow- 
ing rapid subculture in broth containing in- 
creasing amounts of penicillin and to demon- 
strate the temporary nature of this resistance 
as shown bj' its abolishment b\- rapid trans- 
fer in broth containing no drug. The mecha- 
nism of the development of penicillin resist- 
ance in bacteria is controversial and will not 
be discussed here. This subject is reviewed 
in detail in the papers of Luria,'* Demerec,® 
and Spink and Ferris.^ 

Methods. Fifteen strains of Streptococcus 
pyogenes recently isolated from the pharjmges 
of patients with scarlet fever were the organ- 
isms used in this study. .■Ml of the cultures 
were kept on blood-heart infusion-x’east- 
trj-ptose agar and transferred once a week, 
being kept in the icebox in the interim. Peni- 
cillin resistance was determined by the method 
of Rammelkamp.® Solutions of penicillin for 
incorporation into media were made up fresh- 
!}■ each week and kept in the icebox when not 
in use. The medium in which penicillin re- 
sistance was produced consisted of double 
strength , heart infusion-yeast-tr.vptose broth 
(0.5 cc) to which was added 6.5 cc of the 
desired dilution of penicillin and 0.1 cc of a 
24-hour culture of Streptococcus pyogenes. 

.All the strains of Streptococcus were grown 
first for 24 hours in broth containing no drug 
and their resistance to penicillin determined, 
using an inoculum of between 10,000 and 
100,000 organisms per cc. One-tenth cc of a 
24-hour broth culture of each was then 

* Lvria, S. E., Pr.oc. Soc. E.xr. Biol, .ixo Med., 
1946, Cl, 46. 

3Demercc, M., Tree. Kat. Acad. Set., 1043, 
31, 16. 

eEammclk.imp, C. H., Pr.oc. Soc. E.xp. Biol, v.d 
Med., 1040, 51, 05. 
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inoculated into a tube of broth to which had resistant to penicillin than at the beginning 
been added the lowest concentration of peni- of the experiment. This degree of chLge is 
cillin which was inhibitory, as well as into within the limit of experimental error and 
2 other tubes, one of which contained 20% cannot be considered significant. The resist- 
and the other 40% more drug than the lowest ance to penicillin of 4 strains (S-3, S-106. 
dilution in which the strain grew. The cul- S-46 and S-47) increased 4-fold and of 5 
tures were incubated at 37°C for 24 hours strains (S-1, S-4, S-S, S-7, J-s) 8-fold after 
and 0.1 cc of the one showing growth with 41 transfers in penicillin-containing broth, 
the largest amount of penicillin was sub- One strain (S-9) was inhibited only by 16 
cultured to 2 other tubes, one of which con- times and 2 others (S-6, S-48), by 32 times 
tained the amount of penicillin which pre- the amount of antibiotic agent which stopped 
viously had just allowed growth to occur and their growth at the start of the study, 
the other, 120% of this quantitj’’ of the drug. SLxteen additional subcultures of 6 of the 
This procedure of culturing in the highest strains, a total of 57 transfers in drug-contain- 
concentration of penicillin allowing multi- Jng medium, revealed no further significant 
plication of the organisms and in 120% of increase in penicillin resistance. One strain 
this amount was repeated every 24 hours (S-47) revealed a 2-fold increase but this is 
except for weekends, when the transfers were within the limit of e.vperimental error and. 
made every 48 hours. All cultures showing therefore, probably not significant. 
growUi were plated on blood agar every 3 of the colonial and cellular mor- 

da.vs in order to check the punty of the strains p^oiogy of the organisms at varying times 
and to determine any changes in colonial or during repeated transfer in penicillin-con- 
cellular morphology. taining broth revealed no important changes. 

After 41 transfers in penicillin-containing All of the strains produced matt colonies be- 
broth, 6 strains, the 3 with the highest and fore and after being made drug-resistant, 
the 3 with only moderate increase in resist- The colonies of the penicillin-insensitive var- 
ance to penicillin, were subcultured 16 times iants were somewhat smaller than those of 
more in an attempt to increase to a greater the drug-susceptible strains, altliough they 
degree their ability to withstand the anti- varied considerably in size. Growth in broth 
biotic agent. and on blood agar plates was less rapid after 

Following demonstration of penicillin re- frequent transfer in penicillin-containing 
sistance in these 6 strains of Streptococcus media. No remarkable change in the ability 
pyogenes (after 57 transfers), the organisms of the Streptococci to produce hemolysin 
were cultured in broth containing no drug, after developing resistance to the antibiotic 
Transfers were made every 24 hours and sus- agent was noted. The cellular morphology of 
ceptibility to penicillin determined after 10 the strains, as revealed by the Gram stain, 
and 37 subcultures. underwent no alteration during the period of 

Results. The results indicating the develop- decrease in susceptibilitj'- to penicillin, 
ment of resistance to penicillin by the strain.s In order to determine whether or not the 
of Streptococcus pyogenes studied are pre- penicillin resistance which had been pre- 
sented in Table I. The data demonstrating duced was temporary or permanent, 6 of the 
10^=5 of resistance to the antibiotic agent fol- strains which had become relatively insensi- 
lowing frequent subculture in drug-free broth live to drug were subjected to rapid sub- 
are shown in Table II. culture (every 24 hours) in broth containing 

Determination of penicillin resistance after no antibiotic agent. Determination of sens- 
41 subcultures in blood-heart infusion broth itivity to penicillin was carried out after 10 
ontainin<’ increasing amounts of penicillin subcultures and revealed no significant change 
^ ' 1 d I strains with no appreciable altera- except with one strain which lost 50% of its 
revea e susceptibility to the drug, al- resistance; this degree of change is, however, 

thoyh they were approximately 2 times more within the limits of e.xperimental error. A 
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TABLE I. 

Development of Resistance to PenieilUu by Streptococcus pyogenes Following Rapid Transfer 
in Broth Containing Increasing Aiiiouiits of I’cmcillin. 




Penicillin 


Penicillin 




resistance 

Xo. of 

resistance 

Xo. of 



after 41 

times more 

after 57 

times more 



transfers 

resistant to 

transfers 

resistant to 


Original 

in brotb 

penicillin 

in broth 

irenicillin 


resistance 

containing 

than 

containing 

than 


to penicillin. 

penicillin. 

original 

penicillin, 

original 

Strain 

nnits/ce 

units/cc 

strain 

units/cc 

strain 

S-1 

.0075 

.06 

S.V 

— 

— 

3 

.015 

.06 

4 

— 

— 

4 

.0075 

.06 

8 

— 

— 

5 

.015 

.125 

S 

.125 

8x 

6 

.015 

.50 

32 

.50 

32 

7 

.015 

.125 

S 

.125 

S 

9 

.015 

.25 

16 

.25 

16 

10 

.03 

.06 

2 

— 

— 

106 

.015 

.06 

4 

— 

— 

J-s 

.0075 

.06. 

8 

— 


S-4G 

.015 

.06 

4 

— 

— 

47 

.015 

.06 

4 

.125 

8 

48 

.0075 

.25 

32 

.25 

32 

49 

.015 

.03 

O 

— 

— 

50 

.015 

.03 

O 

— 

— 


T^VBLE II. 

Loss of Penicillin Resistance of Streptococcus pyogenes After Frequent Subculture in Plain 

Broth. 


Resistance to 
penicillin after 


Strain 

Original 
resistance 
to penicillin, 
units/cc 

57 subcultures 
in broth 
containing 
penicillin, 
units/ce 

Resistance to 
penicillin after 
10 subcultures 
in plain broth, 
units/cc 

Resistance to 
penicillin after 
37 subcultures 
in plain broth, 
units/cc 

S-5 

.015 

.125 

.06 

.015 

6 

.015 

.50 

.50 

.015 

7 

.015 

.125 

.125. 

.0075 

9 

.015 

.25 

.125 

.0075 

47 

.015 

.125 

.125 

.015 

48 

.0075 

.25 

.125 

.0075 


Striking increase in sensitivity to penicillin 
was present, however, after 37 subcultures in 
drug-free blood broth; all of the organisms 
returned to their original degree of suscepti- 
bility to the antibiotic. In the transformation 
from a drug-resistant to a susceptible state 
there was no change in the colonial or cellular 
morphology of the bacteria. The penicillin- 
sensitive streptococci appeared, however, to 
multiply somewhat more rapidly and to be 
more hemolytic than the resistant ones. 

Siimniory and Discussion. The resistance 
of 12 out of 15 strains of Streptococcus pyo- 
genes to penicillin was increased by daily 
subculture (41-57 times) in broth contain- 


ing increasing amounts of penicillin, the 
maximum effect being obtained after 41 trans- 
fers; no significant increase was noted after 
16 additional subcultures. The decrease in 
susceptibility to the antibiotic agent of 6 
of the strains was temporary and was abol- 
ished rapidly by culture in drug-free media. 
Xo striking effects on the colonial and cellular 
morphology, degree of hemolysis, or rate of 
growth could be demonstrated during the 
proems of acquisition or loss of sensitivity to 
penicillin. The drug-resistant strains, how- 
ever. grew somewhat more slowly, produced 
slightly smaller colonies, and were a little 
le^s hemolytic than the highlv susceptible 
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ones. No studies of penicillinase production 
were carried out; in view of the results of 
Spink and Ferris with Staphylococcus aureus, 
similar investigations on susceptible and in 
pffro-produced resistant strains of Strepto- 
coccus pyogenes would be ver}”^ interesting. 

Although one strain of Streptococcus pyo- 
genes, which Avas relatively resistant to peni- 
cillin, has been described- this organism ivas 
isolated from a patient before therapy with 
the antibiotic agent was instituted. There 
have been no reports of the development of 
decreased susceptibility to penicillin during 
treatment of patients with streptococcal 
(Group A) infections with this drug. Hart- 
man and Weinstein/ in a studj”^ of over 100 
strains of Streptococcus pyogenes isolated 
from cases of scarlet fever were unable to 

" Hartman, T. L., and ■\Vchistoin, L., unpub- 
lisbed data. 


demonstrate any abnormal degree of resist- 
ance in the strains originally isolated or in 
those recovered from patients who had been 
treated with penicillin and in whom recur- 
rence of Streptococci in the phar.vn.v had oc- 
curred after therapy was stopped. It would 
appear from these results, therefore, that the 
development of resistance to penicillin by 
Streptococcus pyogenes may be easily ac- 
complished in vitro, but occurs only rarely, 
if ever, in patients treated with this agent. 

Conclusions. 1. The resistance of Strepto- 
coccus pyogenes to penicillin has been in- 
creased from 4 to 32 times by frequent sub- 
culture in media containing increasing 
amounts of the antibiotic agent. 

2. The resistance to penicillin ivhich devel- 
ops in vitro is only temporary and can be 
abolished fairly rapidly by frequent sub- 
culture in drug-free media. 
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Temperature Regulation in Albino Rats Correlated with Determinations 
of Myelin Density in the Hypothalamus."* 

A. R. Buchanan and R. M. Hill. 

From the Departments of Aiiatomi/ and Biochemistry, School of Medicine, I'nivcrsily of 

Colorado, Denver, Colo. 


Newborn albino rats are unable to regulate 
their internal temperatures. When placed in 
a cold environment their temperatures de- 
scend rapidly to that of the environment; a 
warmer than normal environment results in 
a marked increase in internal temperature. 
It has been found that the ability of the 
young rat to regulate its internal temperature 
when placed in a cold environment gradually 
Imoroves from birth to the age of 18-30 days, 
after which time it usually maintains its 
body temperature at or very near the normal 
level.^ 

It has been conclusiA'^ely demonstrated that 
the hv-pothalamus is essential to temperature 
regulation.- Considerable numbers of small 

Bcseai'cb. 


m3'elinated fibers are consistently found in 
the lateral hiqiothalamus of the adult brain.^ 
In spite of the div^erse opinions whicli have 
appeared in the literature for manj^ years 
regarding the correlation of function of neu- 
rons Avith myelination of their axons, it has 
been considered AA'orthAA'hile to investigate 
myelination in the hypothalamus and to at- 
tempt correlation of the deA^elopment of 
myelin Avith the beginning of the temperature 
regulating function of this portion of the 
brain. 

The earb" literature concerning wyelination 

I inn, B. M., Jm. J. Physiol., 1047, 140, GuO. 

- Hanson, S. AV., Brs. Piihl. Assn. Xerv. Mcnt. 
Dis., 1940, 20, 342. 

3 Ingram, W. R., Hcs. PiiVl. Assn, Kerv. Meni, 
Dis., 1040, 20, 195. 



Temperature Regulation in Albino Rats 


603 


of nerve fibers and possible correlations be- 
tween myelination and function has been 
reviewed b}' Tilney and Casamajor* who also 
studied somatic activity in the kitten and cor- 
related their observations with the distribu- 
tion of myelin sheaths in the different fiber 
paths. The}’ concluded from their investiga- 
tion that myelinogeny in connection with 
behavioral components affords strong evidence 
in the cat that the deposition of myelin is 
coincidental with the establishment of func- 
tion in definite fiber systems. They conceded 
that this coincidence might not, however, be 
the case in white rats in which both Watson® 
and Donaldson® reported complete absence 
of myelin in the nervous system at birth. 

Langworthy" studied decerebrate prepara- 
tions of kittens, young rabbits, and young 
guinea pigs. He found that myelination in 
the lower portion of the brain stem and the 
spinal cord was incomplete in kittens and 
rabbits in which decerebration was followed 
by movements of prolonged progression. In 
more mature animals in which decerebration 
was followed by the development of typical 
extensor rigidity, myelination of the long 
tracts was far more complete. He considered 
that correlation between myelination of the 
rubrospinal tract and the occurrence of decere- 
brate rigidity was strongly indicated. 

Langworthy® also studied the behavior of 
pouch-young opossums and attempted to cor- 
relate their behavior with myelination of 
tracts in the central nervous system. He 
wrote, “The evidence that tracts in the 
central nervous systems become medullated 
at the time when they become functional is 
certainly suggestive, but by no means positive. 
Xo one who studies the opossum can evade 
the fact that this animal is capable of compli- 
cated refle.x activity before any myelinated 

•< Tiincy, F., and Cas.nniajor, L., Arch. Kcur. and 
rsychiat., 1924, 12, 1. 

SAVatson, J. B., .Iniiiiat JEdiication, Chicago 
Univ. ContriV. to Phil., 1903, No. 4. 

c Don.aldson, H. H., American TexthooJ; of 
Physiol., Phila., 1901. 

' llanB^voTtlly, O. It., Carnegie Inst, of Washing- 
ton, Coniril). to Pmhryol., 1926, No. SO, 17, 125. 

s Lnngvrortliy, O. B., J. Comp. Kcur., 1928, 40, 
201 . 


fibers are present.” Angulo,® on the basis 
of observations of discrete reflexes in rat 
fetuses, stated that myelination is not a 
criterion of “functional insulation.” Windle, 
Fish, and O’Donnell,^® studying cat fetuses 
of ages from 42 to 60 days after insemination, 
found a high degree of reflex activity to be 
present in the fetuses even though the tracts 
involved were still unmyelinated. They con- 
cluded that myelination is not correlated with 
function in the absolute sense, but conceded 
that conduction in a given pathway may be 
improved after myelin sheaths have been ac- 
quired. 

Ulett, Dow, and LarselF^ investigated the 
inception of conductivity in the corpus cal- 
losum and the cortico-ponto-cerebellar path- 
way in young rabbits. They found that mye- 
lination of the fiber systems studied is not 
essential for the conduction of nerve impulses 
produced b}’’ electrical stimulation, and that 
conduction of such impulses precedes myelin- 
ation of the fibers by several days in the rab- 
bit. They did, however, observe an increased 
capacity for conduction in the larger and 
older animals. 

Methods and Materials. Records of the 
temperatures of rats subjected to an en- 
vironmental temperature of 5° to 8°C have 
been obtained through the use of iron con- 
stantan and copper constantan thermocouples 
sealed within the tips of ureteral catheters. 
Such catlieters are easily inserted through 
the anus and rectum into the colon of rats 
as young as 4 days of age. The e.m.f. devel- 
oped by the thermocouple at varying internal 
temperatures of the animal was original!}- 
measured n-ith a Leeds-Xorthrup potentiom- 
eter. Each thermocouple was carefully cali- 
brated with reference to the potentiometer 
before being used for the recording of temper- 
atures. More recently temperatures have been 
directly recorded by means of a Brown elec- 
tronic recording potentiometer. All tempera- 
ture determinations were made with Oie 

0 Angulo, A. AV., J. Comp. Kcur., 1929, 48, 459. 

lOAVindlc, AT. F., Fish, M. AT., .nnd O’Donnell, 
J. E., J. Comp. Kcur., 1934, 50, 139. 

n Ulett, G., Dow, B. S., nnd Earsell, O., J. Comp. 
Kcur., 1944, 80, 1. 
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LITTER O 



Fig. 1. 

Teniiiointiiro eiuvcs obtained from tlie members 
of one litter (Litter O) during 35 miinites in tlie 
cold room (5'’-8‘'C). The ages (in days) of the 
respective animals are indicated. 



Fig. 2. 

Temperature curves obtained from the members 
of Litter P during 45 minutes of e.vposure to cold 
(5“-S‘’C). 


thermocouple inserted to the level of the 
diaphragm, thus assuring high colonic rather 
than rectal temperatures. It has been shown 
that such temperatures more accurately rep- 
resent the thermal condition of the animal 
than those obtained by rectum, since^ the 
latter fluctuate with changes in the environ- 
mental temperature.' 


The e.vperimental procedure employed in 
our attempts to correlate temperature regu- 
lation with mj'elination of the hj^pothalamus 
has been carried out on twenty litters of 
Wistar strain rats. When a given litter had 
reached the age of 6 to 8 daj^, one animal 
from the litter was subjected to a cold en- 
vironment (5-S°C) after first determining 
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its body temperature in a room whose temper- 
ature was approximately 26.5°C. The tempera- 
ture of the animal was recorded at two-min- 
ute inten'als with the Leeds-Northrup po- 
tentiometer, or at one-minute intervals with 
the Brown electronic potentiometer. Temper- 
atures were recorded during 30 to 45 min- 
utes. In the preparation of Fig. 3, 4, and 5, 
the temperatures after 30 minutes in the 
cold room were used to illustrate graphically 
the difference between normal environmental 
temperatures and those resulting from ex- 
posure to cold. Following exposure to cold, 
the animal was anesthetized with ether and 
perfused with one of three fixatives — 10% 
neutral formalin, Erlicki’s solution (copper 
sulphate and potassium bichromate) , or 3J4% 
potassium bichromate. The first of these 
preceded the Weil stain for myelin,^- the 
second is the fixative recommended by Kult- 
schitzky for his myelin stain,'^ and the third 
is that found most satisfactory for the myelin 
stain used bj' Ulett and his collaborators.^^ 
After perfusion, the brain was removed, fixa- 
tion was continued for the specified period, 
and in the solutions specified bj' the origin- 
ator of the stain. A block from the center of 
the brain which included the hypothalamus, 
or a complete half brain was finalU' imbedded 
in paraffin, sectioned, and mounted on slides. 
Other animals from the same litter were sim- 
ilarlj- treated at appropriate intervals until 
the litter was exhausted. The same fixatives 
were applied in a uniform manner to the brains 
of all the members of a given litter. When all 
the hypothalami from a given litter had been 
sectioned at as uniform a thickness as is 
possible with the Spencer rotary microtome 
and placed on slides, staining of the sections 
was carried out. In order that comparisons 
based on the density of the myelin stain 
could be made between the hjpothalami of 
the rats of different ages, three slides (9-12 
sections) were selected from each animal in 
the litter. These were placed in a staining 
rack and stained en masse. Theoretically, if 

12 Weil, A., Arch. Xcur. and Ps^cliiat., 192S, 
20, 392. 

13 Lee, B., The Microtomist’s radc-Mccum, lOtli 
cil., p. 525. 


LITTER I (No. in Litter -6) 



Fig. 3. 

Kecords of temper.itures before nnd after 30- 
niinute exposures to cold and curves representiust 
the density of myelin staining in the pyramid and 
Lateral hypothalamus ns determined’ photomet- 
rically. (Technical difficulties, resulting in loss of 
sections of the hypothalamus in the 20-day animal, 
made an accurate determination impossible.) 

the stain is specific for mj’-elin, those hypo- 
thalami containing the least myelin (or no 
myelin) should be less deeply stained than 
those in which myelination is further ad- 
vanced. In our e.xperience the mvelin stain 
reported by Ulett, Dow and LarselPi has 
given the most satisfactory results, since the 
nerve cells remain almost entirely unstained 
in sections prepared according to their meth- 
od. 

Determinations of staining density have 
utilized a photometric method. The light 
from a Spencer microscope lamp has been 
directed through a monochromator to the 
substage of a binocular microscope: the mon- 
ochromator was set to deliver light at a wave- 
length of 600 mu. The phototube of a Photo- 
volt electronic photometer is firmlv attaclied 
to the right ocular of the microscope in such 
a manner that all light traversing that ocular 
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Fig. 4. Pig. 5. 

Records of temperatures before and after 30- Records of temperatures before aud after 30- 
minute exposures to cold aud curve representing minute exposures to cold and curves representing 

the density of mj'elin staining in the lateral hypo- the density of myelin staining in the pyramid and 

thalamus in Litter P. (Cf. Fig. 2.) lateral hypothalamus in Litter 0. (Cf, Fig. 1.) 

is focused upon the photoelectric cell and rented the amount of light absorbed by 

thus recorded directly upon the galvanometer stained section. This procedure was 

of the instrument. The procedure for obtain- repeated on several sections of the hypothala- 
ing the density of the myelin stain in a given ^ given animal, and the seveial read- 

section consisted of focusing updn the lateral averaged. The averages were 

hypothalamic area through the left ocular of '^^ed in the construction of myelin cun-es 
the microscope after which the slide w^as moved the litter being studied. Tj^pical mjehn 
to an area free of sections; without altering curves obtained by this method in three of 
the focal adjustment of the microscope, the litters investigated are shown in Fig. 3, 
left ocular was covered and the light entering ®rid S. Myelin determinations have also 
the microscope was adjusted by means of a been made on the P3'ramid of the medulla in 
rheostat and the iris diaphragm at the inlet of several of the litters studied (Fig. 3 and 5) 
the monochromator to give an arbitrary gal- order to check myelination in an area 
vanometer reading, which “zero” reading was completeljr free of nerve cell bodies, 
then kept constant for an entire series of Results. The temperature curv'es during 
determinations. The maintenance of a con- exposure to cold in animals from the same 
stant “zero” point on the scale compensated litter at progressively older ages are illustrated 
for differences in thickness of slides, cover in Fig. 1 and 2. These are entirely consistent 
slips, and mounting media. After the light with previous oben-ations by one of us^ and 
bad 'been adjusted, the section was moved show a progressive improvement in ability to 
back into the field, the left ocular was regulate against cold. Regulation, aside from 
attain covered, and the galvanometer read- an initial drop of some 3 degrees, was fairly 
iiw recorded. The difference between this well established in animal 3 (Fig. 1) at 19 
°ding and the “zero” reading repre- days of age, and was completelv' established 
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in animals 6 and 7 at 30 and 40 days of age. 
Regulation in Litter P (Fig. 2) was quite 
good in animal 4 at 20 days of age, and was 
completely established in animal 5 at 24 days 
of age. 

In the majority of litters studied, very ade- 
quate regulation against cold was evident at 
IS and 20 days of age (Fig. 3). In some litters 
complete regulation appeared later (24 days 
in Litter P. Fig. 4, and at 30 days, Litter 
0, Fig. 5). The density of myelin stains as 
measured by the method described above 
has regularly reached a high level coincident 
with the beginning of regulation (Fig. 3, 4, 
and 3). In most of the litters studied, there 
has been a tendency for a levelling off or a 
depression of the myelin curv’e during the post- 
regulatory phase. As was to be expected, the 
pyramids of the medulla showed considerably 
greater degrees of staining density than the 
hypothalamus at all ages. There was, how- 
ever. a striking parallelism between the curt'cs 
representing density of the pyramids and of 
the ht-pothalamus in progressively older rats 
(Fig. 3 and 5). 

The marked pre-regulatory depressions in 
the myelin curves for hypothalamus and pyra- 
mid in Litter 0 (Fig. 5) may have been due 
to a dietary deficiencj', since we were unable 
to obtain lettuce for our rat colony at the 
time when this particular litter was born. The 
same dietary deficiency may have been re- 
sponsible for the delay in attainment of regu- 
latory ability and the corresponding delay 
in myelin formation as indicated by the fact 
that the curves reached their highest level in 
the 30-day animal. 

Disiussion. Koch and Koch‘S studied die 
chemical differentiation of the brain of the 
albino rat during growth. Their analyses were 
carried out on whole brains of rats I, 10. 20, 
40. and 120 days of age. The results of their 
investigation so far as phosphatides are con- 
cerned may be summarized as follows: 

Ai;>.' -f K't- 

iu 4:tvs 1 10 20 10 120 

riiosviiatiacs 12.3rc. 21.4^^ 21.8rf 21.0%, 

The phosphatides have been selected from 
their table as being the most likely sub- 

n Koch. W., .and Koch, M. L., J. Biol. Chem., 
1013 . ir>. 423 . 


stances having affinity for the various modi- 
fications of the Weigert stain for myelin which 
have been used in our experiments. The rather 
marked increase in phosphatides during the 
first 20 days compares favorably with the 
curves which have been obtained by our 
method of determining the concentration of 
myelin in the hypothalamus and pyramid of 
the albino rat. None of our investigations of 
myelin have been carried out on rats younger 
than 6 days of age. and we therefore have 
no material available for comparison with 
the figure of 15.2% phosphatides found in 
rats one day of age. It will be noted that Koch 
and Koch actually found a lower percentage 
of phosphatides in the brains of lO-dai' rats 
than in those one day old. The tendency for 
our myelin curves to flatten out or to be de- 
pressed during the period between the 20th 
and 40th days of life may possibly be due 
to the failure of phosphatides to increase ap- 
preciably during that period. Further studies 
are in progress to determine, if possible, the 
individual specificities of our mj'elin stains 
for lecithin and cephalin. Cholesterol will 
also be studied in this connection. Lang- 
worthy'^ called attention to the well known 
fact that animals, particularly those born 
in large litters, vary greatly in their maturity 
at birth and in the rapidity of their growth 
thereafter. We have studied litters of albino 
rats containing as many as 12 individuals, 
and have found that the attainment of the 
ability to regulate internal temperature when 
exposed to a cold environment is somewhat 
delayed in such large litters and that there is 
a tendency for the myelin cur\-es to be much 
less steep in the period between 6 and 20 
days than is the case in the smaller litters. 

Watson^ stated that myelination does not 
begin in the higher centers of the brain until 
rats have attained the age of 24 days. Al- 
though this may be true of cortical associa- 
tion fibers, it certainly does not appear to be 
true of the h\-pothalamus, if our method is 
valid for the determination of the presence 
of myelin. 

15 LangwortliT, 0. R.. Camcgic Inst, of Wash- 
ington, Contrib. to Jumbn/ol., 102D, 2so. 114 20 
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The somewhat earlier development of re- 
sistance to cold in these animals (Wistar 
strain) as compared to those previously 
studied (Denver University strain) may be 
due to the difference in strain, or it may be 
due to the fact that in the earlier experiments 
lettuce was not a part of the diet of the 
mothers whereas it was in these experiments 
in all cases except Litter 0 (Fig. 5). 

Conclusions. The optical densities of sec- 
tions of the hypothalamus stained by modi- 
fications of the Weigert method have been 
measured in rats varying in age from 6 to 
70 days by means of monochromatic light 
and an electronic photometer. These meas- 
urements have been correlated with the 


abilities of the animals to regulate their in- 
ternal temperatures when exposed to a cold 
environment. We believe that our method has 
recorded densities which are dependent main- 
ly upon the amount and/or character of the 
mjrelin in the hypothalamus at the respective 
ages studied, and' that the increase in ni.velin 
from birth to 20 days of age may contribute 
to the acquisition of the capacit}'^ for tempera- 
ture regulation. We do not believe that 
myelination in the h 3 ’pothaIamus ,is the only 
factor concerned in the acquisition of this 
function. Many other factors are no doubt 
operative and many of these are currently 
being investigated. 
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Teratogenetic and Lethal Effects of Influenza-A and Mumps Viruses on 

Early Chick Embi-yos. 
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Gregg^ demonstrated a high incidence of 
congenital malformations in children whose 
mothers had contracted rubella (German 
measles) during the earl}'- months of preg- 
nancy. These observations were confirmed 
by Swan-’"’^ in Australia, and by^ American 
and European workers. Over 400 cases are 
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now on record. The most common abnormal- 
ities caused by rubella are: cataract in one or 
both ej'es, heart defects, microcephaly and 
deaf-mutism. The incidence of malformations 
following infection of the mother within the 
first 2 months of pregnancy is almost lOOfc, 
but low after the 4th month. It seems that a 
very early infection (around 1-1)4 months 
of pregnancy) causes predominantly cataract, 
whereas a later infection (around the 2nd 
month) causes predominantly^ deaf-mutism. 
The discovery that the rubella virus passes 
through the placenta and causes a specific 
pattern of localized malformations in the 
human embryo is of great interest from the 
point of view of embry'ology', virus biology and 
clinical obstetrics. It seemed to be of im- 
portance to analyze the effects of viruses as 
teratogenetic agents under the controllable 
conditions of animal e.xperiments. 

The chick embryo suggested itself as a 
suitable embryonic material, since it is known 
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that the tissues and the extra-embryonic 
membranes of the chick embrj'o are a favor- 
able medium for the culturing of a number 
of viruses (Beveridge and BurneV). Further- 
more, the absence of a placenta in the chick 
makes a direct infection of the embryo pos- 
sible. thus avoiding the complications intro- 
duced by an extra-embrj'onic barrier. 

The rubella virus was not available. In- 
stead. we used influenza-A virus (strain PR8) 
and mumps virus. Experiments with rubeola 
virus are in progress. 

Developmental stages used. The routine 
methods of culturing viruses in eggs make 
use of chick embryms incubated for 8 or more 
days. In these stages the chief reservoirs for 
virus, namely, the allantoic and amniotic 
sacs are well developed. However, embryos 
of that age would be unsuitable for our 
purpose since most of their organs are far 
advanced in their differentiation. Terato- 
genetic effects can be expected only if the 
embryos are infected at much younger stages, 
that is. in the first phases of morphogenesis 
or in the still earlier stages of organ determin- 
ation. 

With the exception of a group of experi- 
ments on 4-day embryos all embryos used 
were incubated for approximately 48 hours 
in a forced-draft incubator at a temperature 
of 98" F. The youngest embryos had about 
16 somites; their eyes were in the optic vesicle 
stage; the axis was straight and the heart- 
beat had just begun (.^rey,® Fig. 508B). 
The oldest embryos had about 27 somites; 
their eyes were in the optic cup stage with 
lenses; S pairs of visceral arches were devel- 
oped; the cranial and cervical flexures of 
the head and the torsion of the main axis 
were in progress; the amnion had overgrown 
the head approximately to the heart level 
(.\rey;'' Fig. 523B). hlosl embryos were in 
stace- intermediate between these 2 (.Irey,® 
Figs. 506C and 523B). .Ml eggs came from 

5 ni'vi-riiiRc. W. I. B,, .Dul Burnet, P. M., Mcd- 
icol HfMdrch Council, IP-iO, Special Report Scries 
Iso. 

c.VrcT, L. B., Developmental Jnalom;/, Fiftli 
ctlition. lOifi, W. B. Saunders, Pliiladclplii.a, P,a., 
and London. 


a Government controlled flock of New Hamp- 
shire Reds. 

Technique oj injecting 4S-hour embryos. 
The egg was candled, and the position of the 
blastoderm was marked on the shell (the 
embryo is not yet recognizable at that stage). 
The egg was then placed on a Syracuse dish 
with a cotton-cushion. A square window, 
about j <4 inch in length and width was sawed 
in the shell over the blastoderm, using a 
hacksaw blade. The window was removed and 
the underlying shell membrane was ruptured 
after it had been thoroughly moistened. The 
embryo was thus e.xposed. Next, the trans- 
parent vitelline membrane which surrounds 
the entire yolk was ruptured over the embri'o 
with a fine glass needle or a pair of watch- 
maker forceps. (Instruments described in 
Hamburger*). This membrane had been 
found to be a barrier to virus infections. 
Meanwhile, a tuberculin syringe (J4 cc) with 
a 27-gauge needle had been filled rrith the 
standard dosage of 3/100 cc of the solution 
to be injected. The point of the needle was 
inserted through the hole in the vitelline 
membrane, and the liquid spread slowly over 
the embrx'o. Care was taken to hold the needle 
point close to the embryo but not to touch 
it nor to inject abruptly in order to avoid 
injuries to the embryo or blastoderm. The 
window was then closed by sealing with 
paraffin the piece of shell which had been 
previously removed. Incubation was contin- 
ued in a Buffalo incubator without forced 
circulation, running at 99°-100°F. All instru- 
ments. glassware, and fluids were kept sterile. 
.All eggs were candled each day. 

Experiments with Injlncnva-A virus. Source 
of virus material. An egg-adapted PR8 strain 
of influenza-.A rdrus was used. Each sample 
used had been tested for virus titer by Salk’s 
modification of Hirst’s red cell agglutination 
test, cultured for sterility and stored in flame- 
scaled ampoules in a frozen state at -73 “C. 
The 4th to 7th egg-passages (p4 to p7) were 
used in our e.xperiments. They had titered as 

r Habcl, Karl, PuWe Health Jlcp., 1!)45, 00, 201. 

F H.-iinburgcr. Viktor, A Manual of HTpcrimcntal 
Einhriiohaii. 1042. The TTniversify of CTiicago 
Press. 
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follows (before freezing); p4 at 1:16000; p5 
at 1:2048; p6 at 1:32000; p7 at 1:8000. 

Experimental results, ^•irus-infected allan- 
toic fluid was used in concentrations from un- 
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Case 15f!-4. Same ns I'ig. 2. Fixed at 3U> days 
of incubation. Stained rvitli Dclafield’s Hem- 
atoxylin. 

diluted to 10 ', as indicated in Table I. With 
the exception of 2 series, practically all 
embryos infected with dilutions up to 10'® 
died within 3 days after infection (5 days of 
incubation), and showed severe abnormalities. 
The 2 exceptional series (8fl and lOfl) had 
been infected with the same sample of p5 
diluted to 1:10 and 1:100 respectively. .\s 
was mentioned above, p3 had the lowest 
hemagglutination titer of the passages used. 
Since all other pas.sages gave almost IOO 50 
lethal and teratogenetic effects at the same 
dilutions, it is assumed that this particular 
.■sample had an e.xcepiionally low virulence. 
The predominance of normal embryos in 39fl 
indicated that the threshold of infectiousness 
is reached at a dilution of 10 ". If all experi- 
ments with the exclusion of Sfl. lOfl. and 39fl 
are taken together, the incidence of lethal 
and teratogenetic effects amounts to almost 
9S‘'i' (273 of 279 cases). The 6 normal 
specimens have probably escaped an infection 
due to a fauUy technique. 

Description of abnormalities. .Ml infected 
embryos were severely malformed. The fol- 
lowing symptoms were obserx-ed macroscop- 
ically (see I-igs. 2. 5). .V histological e.xam- 
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ination of the material is in progress. 

( 1 ) The head and, in particular, the brain, 
are disproportionally small (mkrocepMy, 
micrencephaly'). Tel-, di-, and mesencephal- 
on are abnormal in shape. This is particular^ 
striking in the case of the mesencephalon 
which is a large, protruding thin-walled \’esicle 
in normal 3- to 5-day embryos, whereas in 
all infected embryos it is a flattened and 
unexpanded structure, showing a ring of whit- 
ish tissue at its base. The eyes seem to be Jess 
affected. They are pigmented in the older 
embryos and approach normal size which 
makes them appear disproportionally large. 
jSTo striking gross abnormalities were found 
at the trunk and tail levels and in the limb 
buds. 

(2) The main axis is more or less twisted 
in all infected embryos. In normal develop- 
ment, conspicuous fle.\-ures occur during the 
stages under consideration. First, a torsion 
of the head takes place in such a wa}'- that the 
left side faces the 3 mlk. Simultaneousli’’, the 
head undergoes a bending in the midbrain 
level (cephalic flexure) which brings the fore- 
brain in a position almost parallel to the 
hindbrain. Shortly afterwards, a bending in 
the hindbrain level (cervical fle.xure) takes 
place. An additional temporary flexure oc- 
curs in the wing level which continues into 
the trunk level. As a result, an embryo of 
about 27 somites has the appearance of a 
question mark (?). By the 4th day, the flex- 
ures have been smoothed out and the dorsal 
a.xis forms a smooth circular curve (Fig. 1). 
In the infected embryos, the cervical fle.xure 
and the one in the wing level are more or less 
strongly accentuated. In the most severe cases, 
the main axis is folded upon itself, forming a 
tight sigmoid curx^e. There ma\' be one or 
2 twists in the same embrjm. The points of 
excessive twisting vary from case to case, 
but they are alwaj's in the ceixdcal, wing, or 
middle trunk levels. 

(3) The amnion which grows out as a 
protective membrane during the stages fol- 
lowin<^ Infection is severely impaired in its 
growth The head fold of the amnion usually 
proceeds to cover the head, but the lateral 
and tail folds either fail to grow out altogether 


or they do so at a greatl}' reduced rate. As 
a result the amnion rarely closes over the 
embryo, and gaps were found ranging from 
a small hole over the posterior end to the 
complete e.xposure of the embrj-o from the 
heart level to the tail end. In the few cases 
in which the amnion does close, it is very 
tight, the amniotic fluid is under high pres- 
sure, and, as a result, the lateral body walls 
which are continuous with the amnion are 
folded dorsad instead of ventrad, e,xposing 
the viscera, such as mesonephros and intestine 
(ectopia visccnim). It is possible that the 
severe twists of the main axis are wholly or 
in part, secondary effects of this failure of 
amniotic growth. The rapidly’’ growing and 
stretching embr 3 'o seems to be crammed for 
space in the amniotic cavity; the under- 
developed amnion would offer a barrier, and 
the result wmuld be a passive folding of the 
axial organs at the points where normal^' a 
slight bending occurs. 

(4) The growth of the entire embr 3 '-o seems 
to be impaired; however, this point requires 
verification by exact measurements. 

Each symptom shorved a moderate range 
of variability. However all symptoms ap- 
peared in all 273 affected specimens. The 
uniformity and reproducibility of the syn- 
drome under the standard conditions of the 
experiment were striking. The circulatory 
sy'stem did not seem to be affected. The al- 
lantoic vesicle grew out normalb'^ in most 
instances. 

The lethal effect seems to be an all-or-none 
effect in the sense that embryos which re- 
ceive an infectious dose (dilutions to lO"^) 
die within 3 days after infection, whereas 
embryos showing no abnormalities and sur- 
viving the 3rd day seem to have remained 
uninfected. Within this 3-day range, there 
seems to be a correlation between virus con- 
centration and life span. In a dilution test, 

6 sets of embr 3 'os (12 per set) were infected 
with serial 10-fold dilutions from 20'- to 
10"' of the same sample. The embryms infected 
with a dilution of lO"- died within one day 
after infection, those infected with 10'^ died 
within 1-2 days and those infected w’ith lO'* 
to ICE" died within 2-3 days. The cause of 
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death is obscure, .As was mentioned, the cir- 
culation seems to be intact; there is evidence 
of a generalized infection. 

Control Experiments (Table II). In order 
to test the incidence and types of abnormal- 
ities occurring in the egg material used for 
our e.xperiments, 72 unopened eggs were in- 
cubated. Of these 5 were sterile, 3 were found 
dead and abnormal at 3J4 days, one died at 
liy^ days and the remaining 63 embryos were 
opened and found to be normal on the 15th 
day of incubation. Of the abnormal embryos, 
one showed a twist in the cervical region and 
a slight microcephaly. However, the presence 
of a fully expanded midbrain, and other de- 
tails, distinguish this embryo distinctly from 
the influenza-infected embryos. Another speci- 
men had head abnormalities similar to the 
first one but no twist. In the third, the limb 
buds were bent upward, and the posterior 
trunk axis bent ventrad. 

Injections of 0.9% salt solution resulted 
in an increase of the mortality during the 
early stages of development. The percentage 
of abnormalities was not higher than in un- 
treated embrj’os. The 2 abnormal embryos 
of this series had died between 2 and 3J4 
days after treatment. They both had twists 
of the axis, and head abnormalities similar 
to those found in the untreated controls but 
different from those described for influenza- 
infected embrr'os. 

Injections of uninfected allantoic fluid from 
normal 15-da\' embryos resulted in a slight 
increase in the incidence of abnormalities and 
in a marked increase of the mortality in early 
stages. Of the 1 1 abnormal embiyos, 8 showed 
slight to severe twists of the axis. Malforma- 
tions of the head were found twice in combina- 
tion with twists, and twice in otherwise 
normal embryos. They were, again, of a type 
similar to those occurring in other controls 
but different from those found in virus- 
infected embryos. Furthermore, not a .'incle 
ca.se in any of the control series presented 
the combination of head, axis, and amnion 
deficiencies which is characteristic of alt 
influenza-infected embrj'os. Hence, the symp- 
toms described above must be considered as 
specific effects of the virus infections. The 
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fact that some of the abnormal control em- 
bryos exhibit a twist of the axis similar to 
infected embr 3 ms is readily understood; the 
A'irus infection interferes with the normal 
developmental processes at certain points of 
least resistance which are equally vulnerable 
to other teratogenic agents. 

Evidence for virus multiplication in injected 
embryos. The following experiment shows that 
living virus and not its toxic products are 
instrumental in bringing about the tera- 
togenetic effects. Samples of allantoic fluid 
(pS and p6) virus were inactivated by ultra- 
violet light. The irradiated fluid was used 
undiluted for the injection of 2S embrj'os. 
Two abnormal embryos were found at 4 da)-s 
•of incubation (7%); both showed twists, and 
the one, in addition, a severe deformiti'^ of the 
hind end. The percentage of abnormalities and 
the mortality rate at early stages up to 12 
days, were almost identical with those of 
the normal allantoic-fluid controls. The ex- 
periment shows that the characteristic effects 
of influenza-A virus are checked, if the virus 
is killed. Evidence that virus growth had 
taken place following infection was shown 
with 10 specimens of E.xp. 30fl (Table I) 
collected when alive 2 days after infection 
and showing severe symptoms. Thej’’ were 
removed from the blastoderm, pooled, ground 
in the IVaring Blender and the supernatant 
titrated from 10'^ to 10'" in 8-day embrjms. 
The allantoic fluids han'ested from the sur- 
vivors after 6 days’ incubation tested for 
hemagglutination indicated a titer of at least 
10"". The actual titers were probably higher 
since one cc of saline per embrj^o was added 
before the dilutions were made. In addition 
a hemagglutination titer was made with the 
original embrj'onic tissue and was found to 
be 1:1024. Previous experiments have shown 
that the egg-passage strain of Influenza-A 
a'irus dies off rapidly in the liquid state when 
kept at room temperature. It is concluded 
that the virus present in the infected 4-da}’’ 
embryos is not merely due to survival of 
injected virus particles but that it is the re- 
sult of multiplication. , . , , , 

Infection by tramptantotwn of vifecfcd 
tissues. As was shown, the head, and, m par- 


ticular, the brain are severelj’ malformed, 
whereas the trunk and tail rarely show macro- 
scopic defects. Since care was taken to ob- 
tain an equal spread of the infectious fluid, 
this differential effect seems to be due to in- 
herent differences in tissue susceptibility. An 
attempt was made to alter the pattern of 
abnormalities, by means of the method of 
embryonic transplantation which allows one 
to bring infected tissues in close contact with 
any part of the embri'o. The following tech- 
nique was employed: High!}’ abnormal em- 
bryos were obtained by injecting allantoic 
fluid (p7), diluted to 1:4 and 1:100 re- 
spectively. A number of embrv'os were re- 
covered when alive, at 4 days of incubation. 
They were removed from the blastoderm, 
transferred to a Syracuse dish, and small 
pieces of the midbrain or other brain parts 
were cut out with an iridectomy knife. These 
fragnjents were then hnplanted in different 
levels of normal 2-day embryos, that is, nqar 
the brain, near trunk somites, or in the hind 
limb or tail region (for further details of 
technique see Hamburger®). The host em- 
bryos were incubated for another 2 days. 
.All embryos (altogether 26 cases) showed 
the characteristic si'mptoms of influenza-A 
virus infection, including microcephaly, no 
matter where the transplants had been placed. 
Some transplants had fused with the host 
tissues, for instance with the left hind limb 
bud, or with somites; others were found 
floating freely near the embryo, still others 
■were not recovered at all. Control experiments 
with normal brain tissue gave no abnormal- 
ities. These e.vperiments give further evidence 
of the presence of living virus in the brain 
tissue of infected embryos. Since the host 
embryos failed to show focal infections at 
the posterior parts of the body, following 
implantation of infected tissue in these levels, 
we assume that the virus has spread from 
the transplants to all parts of the body and 
that a selective infection of the brain has 
taken place. It seems that the embqvonic 
brain offers a preferential medium for in- 
fluenza-virus growth. Further direct evidence 
for a higher rate of virus multiplication in 
the anterior parts of the embryo as compared 
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to the posterior parts was obtained by titrat- 
ing the emulsified anterior and posterior halves 
of 18 infected embryos by the hemagglutina- 
tion technique. The anterior halves titered to 
1:6400 and the posterior halves to 1:1600. 

Injection of 4-day embryos with Injiiienza- 
A virus. In a preliminary experiment (23fi) a 
dose of 3/100 cc per embrj'o of allantoic fluid 
(p6, diluted 1:4) was injected directly into 
the extra-embryonic coelom, through a hole 
in the somatopleure between the wing and leg 
buds, after a window was sawed over the 
embryo, the latter placed on the candle and 
the syringe needle inserted through the slit 
for about one-half its length and aimed at the 
embrjm. Since both techniques gave identical 
results, the latter, more simple procedure was 
used henceforth. Of 84 injected embryos, 74 
were found dead between one and 3j4 da3's 
after infection; the others were opened when 
alive for the purpose of preservation. The 
majority of the embrjms appeared to be with- 
out gross abnormalities but a few e.\'hibited 
slight twists of the axis, and a few others 
showed signs of brain infections. 

Dilution tests were run parallel with those 
reported above for 2-da}'^ embrr'os, and again 
a correlation was found between concentra- 
tion and life span. Even a dilution of 10-" 
which was not fatal for 2-day embrj'os killed 
7 of 8 four-da\" embrj’os within Syi da\'s 
after infection. It is clear from these e.xperi- 
ments that 4-day embrj'os are at least as sus- 
ceptible as 2-daj- and S-day embryos. The 
absence of abnormalities in infected 4-daj’ 
embrj’os is understandable since at the stage 
of injection the development of organs is 
advanced far beyond the 2-day stage, and 
the amnion is closed so that no twist of the 
main axis of the embryo should be expected 
if our e.xplanation of the mechanics of twist- 
ing given above is correct. 

Experiments with Mumps Virus. Source of 
the virus material. The material for one ex- 
periment (15mp) was derived from strain 
-M” (HabeP ) which had been carried through 
37 monkey-parotid passages and then cstab- 
ILshed in the allantoic sac of the chick embr\'o. 
Injections for routine passages were made 
in S-day embryos (2/-I0 cc per embryo) and 
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the alJantoic fluid- harvested on the 18th day. 
The sample used in ISmp represents the 38th 
allantoic passage of “M.” In all other experi- 
ments a more virulent strain was used which 
was originally derived from "M.” It multi- 
plied more rapidly in eggs and titered higher 
on hemagglutination and will be designated 
as “EVI.” The samples of “EVI” used in 
our experiments came from allantoic sac 
passages 4, 6, 7, 13. 

The technique of infection was the same 
as that used for infiuenza-A, the embryonic 
stages and the standard dose being the same. 

Results. Of 161 infected embryos, 134 sur- 
vived the operation (tabulated in Table III). 
Of these, 49 were preserved when still alive. 
The table shows that the mumps virus is 
lethal within S days after the infection of 2- 
day embryos. This effect is convincingly 
demonstrated by those experimental series 
in which all, or all but one or 2 specimens, had 
been allowed to continue development until 
death occurred. The 49 specimens which had 
been fixed during the first 5 days when still 
alive were unselected material. The percent- 
age of abnormalities (15.7%) ivere higher than 
in allantoic fluid controls (6.9%). Twists of 
the axis were the most common malformations; 
they occurred with a particularly high inci- 
dence in Exp. ISmp in which the “M” strain 
was used. No case of microcephaly was ob- 
served. The wing and leg buds were abnormal 
in 4 cases, and a shortening of the beak was 
found in a few instances. 

Evidence for virus multiplication in in- 
fected embryos. Infected allantoic fluid 
(16cmp) inactivated by ultra-violet light 
produced no higher mortality than normal 
allantoic fluid. Sixteen of 28 injected embryos 
were alive and normal when examined on 
the 11th day of incubation. We conclude 
that the lethal effect must be attributed to 
the presence of living virus. 

Six embryos (of series 18mp) which were 
alive when recovered on the 4th day after 
infection were used for titration in 8-day 
embryos, the dilutions ranging from 10-= to 
10-'^ After 7 days’ incubation hemagglutina- 
tion’ showed the titer to have been 10-«. 
Furthermore, the allantoic fluid and the emul- 
sified tissues of the 6 original embryos of 


ISmp were tested by hemagglutination. The 
allantoic fluid titered to 1:32, the tissues 
- were negative. The latter results correspond 
to those of Habel’' where the allantoic fluids 
titered much higher than the tissue emulsions. 
Since it is known that mumps virus contained 
in allantoic fluid in a liquid state is completely 
inactivated within 48 hours at room tempera- 
ture, we conclude that virus multiplication has 
taken place in our experiments. 

The results obtained with mumps virus 
are of interest in two respects. First, Habel" 
had found that the infection of 8-day embryos 
has no lethal effect, although a virus multi- 
plication in the allantoic sac can be demon- 
strated. The 2-day embryos seem to be more 
sensitive than the 8-day embr3ms since an 
infection is invariably lethal in the former. 
Second, the incidence of malformations is 
low, and there is no indication of the occur- 
rence of specific gross abnormalities. Unless 
the histological examination of the material 
should reveal lesions of inner organs the 
mumps virus must be considered as a lethal 
but not a teratogenetic agent. 

Summary. Experimental evidence has been 
presented to show that influenza-A virus 
(PR8) has teratogenetic effects on the early 
chick embryo. It produces a specific syn- 
drome, comprising microcephaly and^ micren- 
cephaly, twist of the axis and impairment of 
the growth of the amnion. Furthermore, the 
virus is lethal for early embryos, within 3 days 
after infection. The mumps virus is likewise 
lethal for early embryos, within 5 daj's after 
infection. It does not produce specific ab- 
normalities but seems to raise the incidence 
of malformations of the types which occur 
occasionally in uninfected chick embryos. 
These results place Influenza-A virus in line 
with rubella virus, as a teratogenetic agent. 
Furthermore, our observations on Influenza- 
A infections in chick embrjms confirm the 
observations on rubella in humans in that 
onlj' infections of early embryos result in 
abnormalities. Chick embryos of 4 da^'S of 
incubation are killed by the influenza virus, 
but it seems that at this stage of development 
most organs have passed the critical period 
at which their morphogenesis can be directed 
into atj'pical channels. In this respect, it is 
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of interest to find that the patterns of in- 
fectiousness are different for the embryo and 
for the fully developed structures. In the 
embryo, the brain tissues seem to be particu- 
larly susceptible to Influenza-A virus, where- 
as in the adult the respiratory mucous mem- 
branes are primarily affected. In mumps, the 
infection of the salivary glands is not in- 


frequently combined with meningitis, but no 
effect on the brain was found macroscopically 
in embryos. The situation is the same as in 
rubella where the embryonic defects seem to 
have no obvious relations to the manifesta- 
tions of rubella infections in older phases of 
life. 
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A Rapid Method for Demonstrating the Identity of Streptomycin-Producing 
Strains of Streptomyces griseus*'\ 

Selman a. Waksman, H. Christine Reilly, and Dale A. Harris. 

From the JYcio Jersey Agricultural Experiment Station, Xcw Erunsieick, X. J. 


In a search for new strains of the strepto- 
mycin-producing organism, Streptomyces gri- 
seus, it is usually necessary to make a large 
number of isolations from the soil or other 
natural substrates, test the ability of the or- 
ganisms to inhibit the growth of various 
bacteria, grow them in liquid media favorable 
for the production of the antibiotic, isolate 
the latter from the medium, and establish its 
identity with streptomycin. Out of a hundred 
or more cultures of 5. griseus thus isolated and 
tested,'-- only very few were found capable 
of producing streptomycin. Jlost of the 
cultures formed no antibiotic at all, whereas 
some produced other antibiotics, such as 
grisein.“ 

To overcome this difficulty, two procedures 
were adopted: 1. The use, for isolation pur- 
poses, of media containing streptom 3 xin, so 
as to eliminate most of the bacteria and the 
great majoriU' of aclinomycetes that are sens- 
itive to streptomj'cin. 2. The use of 5. griseus 

* .louriijil Series P:ipcr, New .Ter.sty .Xgrieiilturai 
K\ji('rinieiit .Station, Rutgers University, Depart- 
ment of Microhiolopy. 

t P.-irtly suiiported by a grant made by the Coni- 
nionwealtli Fund of Now York. 

1 Waksman, S. Schatz, A., and Reynolds, 
1). M.. .1)111. .V. V. .lend. .Sri., 1940, 48, 73. ' 

- Waksman. S. A., Reilly, II. C., and Johnstone, 
1). I!.. J. Fact., 1940. o2, 393. 

- Reynolds. D. M., tSchatz, A., and Waksman, 
S. .\., Piioc. 8oe. K.\r. Riol. .\kd Med.. 1947, 04, 50. 


actinophage for rapid spotting of the strepto- 
mycin-producing strains of S. griseus, since 
these were found' to be sensitive to this 
actinophage, whereas all other strains of 5. 
griseus were resistant. 

The results of the following e.Yperiment 
illustrate the use of these procedures. One 
gram samples of soil, cow manure, and com- 
post materials were plated out, in dilutions 
of 1:10', 1:10'% DIO'', and 1:10', with nu- 
trient agar containing 25 pg of streptomycin 
per ml. The plates were incubated at 28°C 
for 5 daj-s. Five actinomyces colonies were 
isolated from several of the plates and grown 
upon slants of glucose-asparagine agar. Good 
growth was obtained after 7 days’ incubation. 

The 5 cultures were streaked on nutrient 
agar plates and incubated for 24 hours; drops 
of actinophage, both undiluted and diluted 
1 : 10, were placed upon some of the streaks. 
The plates were again incubated for 24 hours 
at 28°C, and examined; the streaks that were 
treated with actinophage showed inhibition 
of sporulation and lysis of the vegetative 
mycelium. 

A duplicate set of plates was streaked with 
the freshly isolated cultures, incubated for 
48 hours, and cross-streaked with four test 
bacteria.^ The plates were incubated for an 
additional 48 hours, and the zones of bacterial 

-* Rvilly, II. C.. Ilnrris. 1). .\.. ami Wak.'^man, 
S. A.,. I, Bac(., 1947, o4 
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Streptomycin-producing S. griseus Cultures 
TABLE I. 

Zones of Inhibition of Test Bacteria by Freshly Isolated Strains of S. grUeits, as Measured by 

Agar-streak Method. 

Zone of inhibition measured in millimeters. 


Strain No. 

Escherichia coJi 

Bacillus mycoides 

Siaphglococcus aureus 

Bacillus sublilis 

1 

20 

20 

18 

26 

O 

23 

23 

19 

2S 

3 

20 

20 

17 

27 

4 

22 

22 

20 

26 

0 

20 

22 

17 

23 


TABLE II. 


Production of Streptomycin by Freshly Isolated 
Strains and Stock Culture of S. griseus. 
Streptomycin; ^g/ml. 



Da 3 'S of incubation 

Strain No. 

3 5 7 


1 

30 

120 

93 

O 

42 

63 

60 

3 

55 

132 

128 

4 

40 

54 

54 

5 

43 

108 

96 

3475 

42 

SI 

65 


inhibition recorded. The results (Table I) 
show that all the cultures were able to in- 
hibit the growth of both gram-positive and 
gram-negative bacteria, the tj'pe of spectra 
obtained being reminiscent of streptomycin.® 
The 5 cultures ivere inoculated into flasks 
with meat e-vtract-peptone-glucose medium 
commonly used for the production of strepto- 
mycin. For comparative purposes, an active 
streptomycin-producing strain of 5. griseus 
(No. 3475) was also used. The flasks were 



Fig. 1. 

Use of aetinophage for identifying streptomycin-producing S. gnseus cultures. 
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placed in a shaking machine in the incubator 
at 28°C. The activitjr of the culture filtrates 
was determined after 3, 5 and 7 da}'S incuba- 
tion by the cup method against a streptomycin 
standard (Table II). 

The results show that the freshly isolated 
cultures were all active producers of strepto- 
mycin. That the antibiotic formed by the un- 
known strains of S. griseus was streptomycin 
or at least a streptomj'cin-like substance is 
illustrated by the similarity in the anti- 
biotic spectra of the different preparations. 

To illustrate further the effect of phage 
upon the unknown strains, the cultures were 
streaked upon agar plates. These were in- 
cubated for 24 hours, metal rings placed upon 
a portion of the area of growth of the organ- 
isms, and a few drops of actinophage placed 
inside each ring. The plates were incubated 
another 24 hours, the rings removed, and the 
plates examined. The action of the phage is 
illustrated in Fig. I . The effect of the phage 

r> Waksman, S. A., niul Reilly, H. C., Anal. JEA, 
hid. and Eng. Chcin., 1045, 17, S5C. 

® Scliatz, A., Bugie, E., and Waksman, S. A., 
Peoc. Soc. Exr. Biol. .\xd Med., 1944, o.", 06. 


was e.vactly the same as that usually produced 
on the streptomycin-producing strains of S. 
griseus. 

Summary. A method for the rapid isolation 
and identification of streptomycin-producing 
strains of Strcptomyccs griseus is described. 
The method consists in plating out various 
dilutions of material from natural substrates, 
using agar media to which 25 ftg/ml strepto- 
mycin has been added. Colonies of actino- 
mycetes developing on the plates are picked 
and transferred to agar slants. When the 
cultures have developed, they are used to 
make agar streaks on plates. The plates are 
incubated for 24 hours, and drops of actino- 
phage placed upon some of the streaks. The 
destruction of the growth of the actinomyces 
will prove the identity of the culture with 
streptomycin-producing S. griseus. This ident- 
ification can be confirmed by the use of the 
agar-streak method, using various test bacter- 
ia, the sensitivity of which to streptomycin 
is known. Finally the cultures are grown in 
media used for the production of streptomycin, 
and the antibiotic produced is compared with 
streptomycin. 
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Enhancement of Heterophile and Bacterial Agglutination Titers by Means 

of Serum Diluent."' 

Albert AIilzer and Shirley Nathan. 


From the Department of Eacteriologg, Eeseareh 

l^arious workers have shown that Rh ag- 
glutination titers are enhanced, and the action 
of the so called “blocking’’ antibodj' inhibited 
by the use of serum, plasma or bovine al- 

* Kii])]>iirtc(l ill part liy tlic Micliacl Rco.^o Bc- 
.sr.-iroli Fmind.Ttion. 

1 Wiener. A. S., Pr.oc. .Soc. Ext’. Biol, asd Med., 
1044, .■>«, IT-S. 

- H.nee, K. I?., Xatiire. 1944, l.’Ll. 771. 

Di.nnioiid, E. K., and Denton, R. E., ,7. 1.nb. and 
Clin. Med.. 1945, 30. S21. 

Wiener, A. S., ,7. Eoh. and Clin. 3Ird.. 1945. 
30, 66::. 

Devine, 1'., .4 in. ,1, CUn. Path., 1946, t«, 597. 


Jn.itilute, Michael Ecese Hospital, Chicago, III. 

bumin instead of saline as a diluent.’*® Re- 
cently Griffiths' has reported the inhibition of 
Brucella blocking antibodies when rabbit 
serum is used in place of saline as a diluent 
in agglutination tests. This paper is a pre- 
liminarj’ report on the enhancement of heter- 
ophile and various bacterial agglutinin titers 
by use of serum diluent instead of physio- 
logical saline. Routine agglutination tests 
were done comparing saline and pooled human 

«Dorine, I\. .-iiid W.alkcr, R. K., 4Vifitcr, 1940, 
lOtl, 3S9. 

7 GrilTitt', .1. .T„ Fiih. Health F.cp., 1947, C2, SG5. 
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or rabbit serum as a diluent. Titrations using 
plasma, ascitic fluid and 20% bovine albumin 
diluents were also carried out. 


Methods. Heterophile agglutination tests 
were done according to the technic of Paul 
and Bunnell.® Serial twofold dilutions were 
made of the patient’s serum in saline diluent, 
and equal parts of 1% sheep cells in saline 
were added to each tube. The tubes were 
shaken and incubated at 37°C for 2 hours. 
Next they were removed and kept overnight 
in the icebox at S°C. The titer was read as 
the highest dilution showing distinct visible 
clumps of erythrocytes. The tests using hu- 
man or rabbit serum diluent were carried out 
in an identical manner except that serum was 
used in place of saline. The serum diluent 
was inactivated by heating at 56°C for ^ 
hour and tested for the presence of hetero- 
phile antibodies prior to use. Only serum 
diluent having no heterophile agglutinins was 
used. The Davidsohn guinea pig kidney ab- 
sorption test for infectious mononucleosis® 
was carried out in a similar manner with the 
patient’s serum. 

The bacterial agglutination tests were per- 
formed in the following manner; Serial two- 
fold dilutions of the patient’s serum previous- 
ly inactivated by heating at S6°C were made 
both in saline and serum diluents having no 


agglutinins for the test organism. The serum 
diluent was heated at 56°C for Y 2 hour before 
use. Equal parts of various bacterial antigens 
suspended in saline and adjusted to a turbid- 
ity of nephelometer (McFarland) tube No. 
3 were added to each tube. The tube mixtures 
were shaken and incubated at 56°C for 2 
hours. They were then kept overnight in 
the icebox at 5°C and read the following 
morning. The following bacterial antigens 
were studied: typhoid, paratyphoid A and B, 
Shigella, Brucella and paracolon. 

■ Results. Heterophile Agglutination. Typical 
heterophile agglutinin titrations comparing 
saline and serum diluents in individuals with 

SPaul^jT K-, Boimell, W. W., Am. J. Meil. 


1932, tSS, 90. 

' 0 D.wi’dsohn, I., J- • 

■ nVe are iadebted to Dr. Narl Smgor of the 
lematology Department of JUchael Eeese HospUal 
lor liematological stndiM. 


TABLE r. 

EnlianceaJPnt of Seterophile Agglutination Titers 
by Means of Serum Diluent. 


Agglutinin titer 

State of * 

Patient scrum Saline diluent Serum diluent 


Positive Clinical and Hematological Pindinga. 


EN 


1:5,120 

1:40.960 


Absf 

1:1,280 

1:5,120 

EM 

Un 

1:80 

1:1,280 


Abs 

1:20 

1:320 

MC 

Un 

1:80 

1:640 


Abs 

1:20 

1:160 

SK 

Un 

0 

1:80 


Abs 

0 

1:20 

LM 

Un 

1:320 

1:2,560 


Abs 

1:80 

1:320 

” DD 

Un 

1:40 

1:640 


Abs 

1:20 

1:160 

•SB 

Un 

1:160 

1:1,280 


Abs 

1:40 

1:160 

m 

Un 

1:5,120 

1:40,960 


Abs 

1:1,280 

1:5,120 

PS 

Un 

1:80 

1:640 


Abs 

1:40 

1:160 

Negative 

Clinmal and Hematological Pindings. 

WW 

Un 

1:20 

1:320 


Abs 

0 

0 

■WA 

Un 

0 

0 


Abs 

0 

0 

WM 

Ua 

1:10 

1:80 


Abs 

0 

0 

HM 

Un 

1:10 

1:160 


Abs 

0 

0 

JG 

Un 

0 

0 


Abs 

0 

0 

CB 

Un 

0 

0 


Abs 

0 

0 

GN 

Un 

0 

0 


Abs 

0 

0 

DE 

Un 

0 

0 


Abs 

0 

0 

MM 

Un 

0 

1:160 


Abs 

0 

0 

GW 

Un 

0 

1:320 


Abs 

0 

0 


* Unabsorbed. 

t Absorbed with guinea pig kidney suspension. 


positive and negative clinical and hematolog- 
ical! findings for infectious mononucleosis are 
summarized in Table I. Human plasma, as- 
citic fluid, rabbit serum, and 20% bovine 
albumin diluents also significant!}' enhanced 
heterophile agglutination titers. As shown in 
Table I heterophile agglutinins were detected 
in the serum of one patient (SK.) with posi- 
tive clinical and hematological findings for 
infectious mononucleosis using serum diluent, 
although repeatedly negative results were ob- 
tained in the routine saline test. In another 
positive case (EM) significant titers of heter- 



Estrogens and Vitamin A 


621 


TABLE II. 

Enliaiicemcnt of Bacterial Agglutination Titers by 
I.tcans of Scrum Diluent. 


Patient 

Test antigen 

Agglutinin titer 
/■ > 
Saline Serum 
diluent diluent 

PN 

Typboid H 

0 

0 


” 0 

1:320 

1:2,560 


Paratyphoid .\ 

1:80 

1:100 


” B 

1:100 

1:1,280 

NL 

Fle.yner V 

1:80 

1:640 


” r 

1:160 

1:040 


Sonne 

0 

0 


Schmitz 

1:80 

1:640 


Shiga 

0 

0 

JG 

Flexner V 

1:320 

1:5,120 

EG 

Brucella ahortus 

1:40 

1:160 


” mclitensis 

1:80 

1:80 


’ ’ suis 

1:40 

1:80 

JB 

Typhoid 0 

0 

0 


” H 

1:320 

1:1.280 


Paratvplioid A 

0 

0 


” B 

1:100 

1:1.280 

CE 

Paracolon 

0 

1:320 


ophile agglutinins in both unabsorbed and 
absorbed serum were detected 5 days earlier 
with serum diluent. The confirmatory value 
of the guinea pig kidney absorption test in 
diagnosis of infectious mononucleosis" is em- 
phasized by the fact that serum diluent 
failed to enhance titers of absorbed serums in 
negative cases. 

Bacterial Aggluliiiatioii. Preliminary results 


showing the enhancement of various bacterial 
agglutinin titers by means of serum diluent 
are given in Table II. It was noted that 
clumps of agglutinated bacteria in serum dilu- 
ent were more easily dispersed on vigorous 
shaking than in saline. A similar enhance- 
ment of titer was observed with plasma, as- 
citic fluid, rabbit serum and 20% bovine 
albumin diluents. It is of interest that ag- 
glutinins for a paracolon bacillus isolated 
from a paratyphoid-like infection were demon- 
strable only by means of serum diluent.^" 

Comment. We feel that our results together 
with those previously reported by others 
suggest that not only does serum diluent in- 
hibit the action of blocking antibody in 
certain serum, but that it is probably a more 
favorable medium in which the agglutination 
reaction can occur. Perhaps the presence of 
agglutinins can be detected sooner in the 
course of an infection by the routine use of 
serum diluent. 

Summary. Heterophile and various bacterial 
agglutination titers were significantly en- 
hanced by the use of serum diluent instead of 
saline. Similar results were obtained with 
plasma, ascitic fluid and bovine albumin dilu- 
ents. 

i<i MUzoir, A., unpubUslicd studies. 
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Effect of Estrogen on Plasma Vitamin A of Normal and Thyroidectomized 

■Rabbits.^ 


Martin B. Williamson. (Introduced by F. W. Bernhart.) 

the itassaclnisctls Eye and Ear Iiifiniuirji, Boston. 


From the Ilarrard itcdical Sclioot and 

The congenital malformation in the e\’es 
of young rats produced by a severe maternal 
deficiency of vitamin A during pregnancy, 

* This work u:is sujijiortpd by a pniiit from the 
Foundation for Vision for tiic study of Botrolental 
Fibroiilasia. 

I It .arkany, .f,, and t^tdirafTeniicreor, K., Pnoc. 
Soc. Exr. Biot.. AXn Mr.n., 1044, 57, 40. 

-Mai'kson, B., and Kinsoy, V. E., .-fni. .7. 
Ophthalm., 1040. EO. 12.14. 


appears to have a strong resemblance to the 
fibroplasia which has been observed to occur 
spontaneously behind the lenses of some pre- 
mature human infants." Since it seems unlikely 
that this retrolental fibroplasia in humans is 
due directlj’ to a maternal deprivation of 
vitamin A," other influences which might cause 


s Terry, T. L., Am. .7. Ophtlintm., 1042, 25, 1400 ; 
•Ircli. Ophthatm., 1043, 29, 30, 34. 
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TABLE I. 

Liver Vitamin A Level of Normal and Tiijroidectomized Rabbits Treated witb Large Boses of 
Estrogen. 



Tliyroidectomizcd 


Normal 










Liver 

Plasma 


Liver 

Plasma 


No. of Tit. A 

Vit. A 

No. of 

Tit. A 

Vit. A 


animals I.TT./g 

I.U. % 

animals 

i.ir./g 

I.U. % 

Control 

4 80 

401 

4 

64 

200 

Estrogen tre.-ited 

4 55 

245 

4 

47 

182 


a general, or even a local, deprivation of 
vitamin A were sought. 

During the course of pregnanc}'', the blood 
vitamin A level falls markedly and contin- 
uously so that an abnormally lotv level obtains 
at term. This low' vitamin A level returns to 
approximately normal in about 24 hours after 
parturition.^-® The behavior of the blood vita- 
min A during pregnane}' appears to be the 
converse of that reported for the blood and 
urine estrogen levels; the estrogen output 
increases to a very high level and then drops 
precipitously directly after parturition.®-’^ An 
earlier report has also suggested that estro- 
gens may inhibit the growth-stimulating effect 
of carotene.® 

It w-as considered to be of value, therefore, 
to establish whether a relationship exists be- 
tw'een the administration of estrogens and 
the blood level of vitamin A. Since thyroid 
material has a marked influence on both of 
the above substances,®-^® the role of the th}'- 
roid has been taken into account in this study. 

Experimental. Young animals were used in 

4 Jaclvson, B., and Ivinsey, V. E., priv.ite com- 
munication. 

5 Goldberger, M. A., .and Prank. R. T., A m. .7. 
Ohstet. Gynecol, 1942, 43, 8G5, 

<< Cole, H. H., and S.atinders, P. J., Endocrin- 
ology, 1935, 10, 199 ; Smith, G., Smith, O. W., .and 
Pincus, G., Am. J. Physiol, 1938, 131, 98; Cohen. 
S. L,, Jlarrian, G. F., and Watson, M. C., Lancet. 
1935, 238, 674. 

T Lund, C. J., and Kimble, 51, S., Am. J. Obstet. 


order to reduce the effect of their ow-n sex 
hormones to a minimum. Weanling, albino 
rabbits were maintained on a normal chow 
diet. The rabbits in Exp. 1 w-ere all females 
from one litter and w-ere thyroidectomized at 
weeks of age. 

Tw'o weeks after thyroidectomy, the intra- 
muscular injection of estrogen (a estradiol 
benzoate in peanut oil!) w-as begun. An in- 
jection of 2,000 R.U. (0.33 mg) w-as given 
twice a day to each animal; one day a week 
only one dose w-as injected. Thus, 64,000 R.U. 
were given to each experimental animal over 
17 days in E,xp. 1, and 68,000 R.U. over 19 
days in E.xp. 11. The animals used in the 
second experiment were not thyroidectomized 
but were started on the estrogen treatment 
when approximately 6 weeks old. These rab- 
bits were from 2 litters, 4 being females, and 
were distributed equally between the “con- 
trol” and “estrogen treated” groups, 

A blood sample was obtained by heart 
puncture before the first injection of estradiol 
and at various intervals during the course of 
the e.vperiment. Finally, the animals were 
killed and the livers removed. The plasma 
samples w-ere analyzed for their vitamin A con- 
tent b}- the microraethod of Bessej-, ct al}^ 
Aliquots of the livers were digested in 5-10 
volumes of alcoholic KOH (5N KOH in 60^ 
ethanol) on a hot w-ater bath for 30 minutes 
and were then extracted with a 1:1 mixture 
of xylene and kerosene. The vitamin A con- 
centration w-as then determined by the same 


Gynecol, 1943, AO, 486. 

8 von Euler, H., and Klussmann, E., Arliv 
Kemie, Mineral Geol, 1932, IIB, No. 1; C. A., 

1934, 26, 3827, . , „ „ 

0 McBonnld, M. R., Riddle, 0., and .Simtb, G. C., 


Endocrinology, 1945, 37, 23. 

10 Greaves, X ond Smitli, C. I>. 
Fhysiols 193G, HO, 45G. 


A., Am. J, 


procedure as that used for the determination 
in the plasma. 

11 Bessey, O, A., Lowry, 0. H., Brock, M. J., anti 
Lopez, J. 'a,, j. Biol. Chem., 1G40, 1(50, 177. 

t Part of the estradiol benzoate used was kindly 
furnis/ied by Vr. F. F. Houghton of the 6‘iba 
Pliarniaccutical Products, Inc. 
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DAIS 
Fig. 1. 

Plasma vitamin A as affected by tlio administration of a-estrndiol benzoate. Broken line 
sliows results obtained from tliyroi'dectomizcd rabbits; solid line, from non-thyroidectomized 
normal animals. 


The results of these e.xperiments are shown 
in Fig. 1. The plasma vitamin A remained 
essentially unchanged in the control animals 
of both experiments. However, the level of 
vitamin A in the plasma of the estrogen 
treated rabbits showed a decline, particularly 
in the case of the thyroidectomized ones. The 
decrease observed in the non-thyroidectomized 
rabbits does not appear to be significant. It 
was found that the plasma level of vitamin 
A was higher in the thyroidectomized animals 
than in the normals. This higher level is prob- 
ably due to the decreased metabolism of 
vitamin A observed after removal of the 
thyroid. The vitamin A content of the livers 
reflects the final plasma level determinations 
(Table I). 

A possible e.xplanation of the obsen-ed de- 
crease in vitamin A may be found in the 
e.xperimcnts of Loeb.’- He reports that the 

1- Lot'll. 11. G., Pr.oc. .Soc. Exp. Biol. 
r.i, 330. 


stores of body fat are increased under the 
influence of repeated estrogen injections. It 
would appear likely that the fat which is 
deposited may carrj’’ along some vitamin A, 
thereby lowering the plasma level. 

The amount of estrogen used in these e.x- 
periments was much greater than might be 
expected to be secreted by the pregnant 
animal. Yet, this large amount of estrogen 
did not depress the plasma vitamin .A level 
below normal. It would then seem doubtful 
that the estrogens normally produced during 
pregnancy could influence the metabolism of 
vitamin A sufficiently to be considered a cause 
of the fibroplasia found in the eyes of pre- 
mature infants. 

Stniiviary. Thyroidectomized and normal 
young rabbits were injected with large doses 
of estradiol benzoate for 17-19 days. The 
vitamin A level in the plasma of the thyroid- 
ectomized animals was significantly lowered. 
There was no appreciable decrease in the 
plasma vitamin .A of the normal rabbits. 
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Thyroid Hyperplasia in Rats Following Thymus Feeding. 
K. Kjeeulf-Jensen. (Introduced by H. Dam.) 

From the Research LaVoratory of Ferro.wn Ltd., Copenhagen, Venmarh 


Hou^ Stated that rats fed on a soybean- 
millet diet with dried liver powder as the only 
source of animal protein developed a marked 
hypertrophy of the thyroid gland.* The thy- 
roid hyperplasia did not seem to be due to 
administration of the animal protein as such, 
since rats given dried beef powder instead 
of liver powder developed only a relatively 
slight hyperplasia. The goitrogenic principle 
could be removed from the liver tissue by 
alcohol extraction. This pronounced goitro- 
genic effect of dried liver powder in Hou’s 
experiments was so considerable that, ac- 
cording to our experience, feeding with about 
0.1 mg 2-thio-4-methyl-uraciI per 10 g diet 
would be required to produce a comparable 
enlargement of the thyroid gland. 

The goitrogenic effect observed in the ex- 
periments reported below was not so pro- 
nounced as that seen in Hou’s e.xperiments. 
On the other hand, thyroid hyperplasia could 
be elicited not only by adding dried thymus 
powder to the soybean-millet diet, but also 
by giving a usual standard diet with addition 
of thymus. It was impossible in this case to 
remove the goitrogenic substance in the thy- 
mus tissue by alcohol extraction. Addition of 
corresponding amounts of dried ox-liver 
powder to the soybean-millet diet caused very 
little thyroid hyperplasia in these experiments. 
Dried beef powder had no goitrogenic effect. 
The goitrogenic effect of the thymus admin- 
istered did not seem to be due to the contents 
of nucleoprotein as such, since no goiter was 
developed after administration of dried cod 
spawn in corresponding amounts. 

Groups of 5 rats each were given the differ- 
ent diets. (The initial weights of the animals 
ranged from 60 to 120 g, so that the body 
weights by the end of the ex perimental periods 
e.vp. Biot, .cvn sixn.. 

* For fm-fher references to liteniturc rnlr tin 
quoted .irticlo by Hou. 


differed but little). The rats were killed after 
30, 60, and 90 days respectively, and their 
thyroids were excised, weighed, and submitted 
to histological examination. The weights were 
indicated in percent of the normal, as pointed 
out in a previous paper by Jensen and 
Kjerulf-Jensen.^ 

The diet consisted of the following sub- 


stances: 

Soybean flour 450 

Millet 500 

Sodium cblorido 30 

Cod liver oil 1 

Ascorbic acid 0.5 


This diet was supplemented by 

1. Dried tliymus of youug cstlves: 30 (1 g dried 
thymus corresponded to 4.7 g fresh tlijanus). 

2. Besidue of dried flymus gland, e.vtracted by 
5 voL of ethyl alcohol at 25°C, in the above 
amounts. 

3. Wafer-soluble fraction of the alcohol exlraet 
of dried thymus in the above amounts, as well n.s 
dried beef: 30. 

4. Water-iusoluble fraction of alcohol extract of 
dried thymus in the above amounts, as well as dried 
beef: 30. 

5. Dried beef powder; 30. 

G. Dried ox liver powder: 30. 

7. Alcohol c.vtract of dried ox liver in the above 
aniounts, as veil as dried beef: 30. 

8. Dried cod spawn: 30. 

The histoiogical conditions were indicated 
as; 0 = normal, or: -j- = slight, i.e. slight 
cellular hyperplasia with increase in the 
height of the cells of the glandular epithelium, 
and inconsiderable reduction of the amount 
of colloid substance, or; -j — f-, f.c. increase 
in cell height as well as marked reduction of 
the amount of colioid substance. 

Feeding with dried thymus elicited thyroid 
hyperplasia also in rats given the usual labor- 
atory diet instead of the soybean-millet diet 
mentioned above. Administration of up to 
10 times as much thymus added but little 

ujeusen, K. A., .nnd Kjcrulf -Jensen, K., Acta 
pharmacol., 1045, 1, 280. 
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TABLE I. 

Tliyroid Hyperplasia of Eats after 1, 2, or 3 Months of Feeding with Soy Bean-Millet Diet 
Supplemented by Pried TlQ-mns, Beef, Ox Liver, or Cod Spawn Bespeetlvely 

Arg size of thyroid in Cellular hypei^lasia 
% of norm, for groups of tliyroid, estimated 
5 rats for 30, GO, and for each individual 
Diet Xo. 90 days respectively group as an entirety 


1. Dried tlivmus 

123 

130 

126 

“i" 

+ + 

+-b 

2. Tliymus, extr. by alcoliol 

120 

124 

136 

+4- 

+-f 

-i — i- 

3. Water soluble fract. of thymus ale. extr. 

143 

108 

130 

-f 

0 

+ 

4. Water iiisolub. fract. of tliymus ale. extr. 

99 

140 

138 

0 

+ 

+ 

5. Dried beef 

117 

144 

124 

0 

0 

0 

6. Dried liver 

137 

116 

113 

0 

0 

-f 

7. Alcohol estr. of ox liver 

111 

153 

123 

0 

-b 

-t- 

8. Dried cod spawn 

115 

106 

lOS 

0 

0 

0 


to the increase in the size of the thyroid, 
whereas the histological changes, i.c. the cell- 
ular hyperplasia and especiallj' the reduction 
of colloid substance became particularly pro- 
nounced. 

Summary. Moderate cellular hj'perplasia 
of the thyroid was produced in rats on a soy- 


bean-millet diet or a usual standard diet by 
adding dried thy^mus from calves. 

The goitrogenic fraction was insoluble in 
water and ethyl alcohol; no goitrogenic effect 
was observed after feeding with dried o.v liver, 
dried beef or dried cod spawn. 


16177 

Isolation and Properties of Raphanin, an Antibacterial Substance from 

Radish Seed. 

G. IVANovics AND S. Horvath. (Introduced by G. Gomori.) 

From the Instittdc of Genera! Pathology and Bacteriology, Vniversity of Seeged, Hungary 


Antibacterial substances are not rare in 
various higher plant species.^ In the course 
of a systematic investigation of aqueous e.\- 
tracls of plants belonging to the family of 
Cruciferae for the presence of antibiotic 
principles we found- that extracts of the seeds 
of radish {Raphatius sat hits), when tested 
by the cylinder plate method (Heatley*), 
gave a wide zone of inhibition on plates seeded 
either with Staph, aureus or with B. coli. The 
substance responsible for the action could be 
purified and finally isolated as a homomolecu- 
lar liquid. 

Experimental. The aqueous extract of the 
seeds is very effective in preventing the 

1 K.uvaiiagli, F., A<?f. Fnetnnology, 1047, T, 401. 

- Ivaiiovic.f, G., mid Ilorvatli, S., Xaturc, 1947, 
1(10, 207. 

n Ilcatloy, X. G., Bioch. J., 1944, 38, Cl. 


growth of bacteria. The cell-free extract pre- 
pared by"- the extraction of one part of finely 
ground seeds with 5 parts of water gave a 
30 mm zone of inhibition on plates seeded 
with Staph, aureus or B. coli. Even extracts 
prepared in the ratio of 1:50 caused marked 
inhibition. The antibacterial principle is fairly 
resistant to heat; only a slight decrease in po- 
tency was observed after heating it to the 
boiling point for 30 min. The cell-free e.x- 
tract will retain full activity for weeks if 
stored in the ice box. However, all activity is 
lost within 24 hours if the e.xtract is incubated 
with the crushed seeds at 37°C. Considerable 
inactivation occurs under such conditions 
even at 20 C; in fact, even at ice bo.x tempera- 
ture. On the other hand, heating the sus- 
pension to 60°C for 15 min. completely’ pre- 
vents inactivation. 
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Thyroid Hyperplasia in Rats Following Thymus Feeding. 
K. Kjerulf-Jensen. (Introduced by H. Dam.) 

From the Research Lahoratonj of Ferrosan Ltd., Copenhagen, Lenmarh 


Hou^ stated that rats fed on a soybean- 
millet diet with dried liver powder as the only 
source of animal protein developed a marked 
hypertrophy of the thyroid gland.* The thy- 
roid h}^rplasia did not seem to be due to 
administration of the animal protein as such, 
since rats given dried beef powder instead 
of liver powder developed only a relatively 
slight hyperplasia. The goitrogenic principle 
could be removed from the liver tissue by 
alcohol extraction. This pronounced goitro- 
genic effect of dried liver powder in Hou’s 
experiments was so considerable that, ac- 
cording to our experience, feeding with about 
O.i mg 2-thio-4-methyI-uracil per 10 g diet 
would be required to produce a comparable 
enlargement of the thyroid gland. 

The goitrogenic effect observed in the ex- 
periments reported below was not so pro- 
nounced as that seen in Hou’s experiments. 
On the other hand, thyroid h}'perplasia could 
be elicited not only by adding dried th)nnus 
powder to the soybean-millet diet, but also 
by giving a usual standard diet with addition 
of thymus. It was impossible in this case to 
remove the goitrogenic substance in the thy- 
mus tissue by alcohol extraction. Addition of 
corresponding amounts of dried o.x-liver 
powder to the soybean-millet diet caused very 
little thyroid hyperplasia in these experiments. 
Dried beef powder had no goitrogenic effect. 
The goitrogenic effect of the thymus admin- 
istered did not seem to be due to the contents 
of nucleoprotein as such, since no goiter was 
developed after administration of dried cod 
spawn in corresponding amounts. 

Groups of 5 rats each were given the differ- 
ent diets. (The initial weights of the animals 
ranged from 60 to 120 g, so that the body 
weights by the end of the ex perimental periods 

C. H., Proc. Soc. Exp. Biol. .\xd Meil. 

1940, 43, 753. ; , ,i . 

♦For furtlier vefereneDs to hteratuie r-de tin 

quoted .article tjy Hou. 


differed but little). The rats were killed after 
30, 60, and 90 days respectively, and their 
thyroids were excised, weighed, and submitted 
to histological examination. The weights were 
indicated in percent of the normal, as pointed 
out in a previous paper by Jensen and 
Kjerulf-Jensen.- 

The diet consisted of the following sub- 
stances; 


Soybean flour 

450 

Millet 

500 

Sodium chloride 

20 

Cod liver oil 

1 

Ascorbic acid 

0.i 


This diet was supplemented by 

1. Dried thymus of young wives; 30 (1 g dried 
thymus corresponded to 4.7 g fresh tliymus). 

2. Besidue of dried tiiymus gland, e.vtracted by 
5 toL of ethyl .alcohol .at 2S°0, in the .above 
amounts. 

3. Water-soluble fraction of the alcohol e.xtraot 
of dried thymus in the above amounts, as well as 
dried beef: 30. 

4. Water-insoluble fraction of alcohol extract of 
dried thj-mus in the above amounts, as well as dried 
beef: 30. 

5. Dried beef powder: 30. 

6. Dried ox iiver powder : 30. 

7. Alcobol extract of dried ox liver in the above 
amounts, ns wcil as dried beef; 30. 

8. Dried cod spawn: 30. 

The histological conditions were indicated 
as: 0 = normal, or: = slight, i.c. slight 

cellular hyperplasia with increase in the 
height of the cells of the glandular epithelium, 
and inconsiderable reduction of the amount 
of colloid substance, or: -f-f-, t.e. increase 
in cell height as well as marked reduction of 
the amount of colloid substance. 

Feeding with dried thymus elicited thyroid 
hyperplasia also in rats given the usual labor- 
atory diet instead of the soybean-millet die! 
mentioned above. Administration of up to 
10 times as much thymus added but little 

2? Jensen, K, A., nnd Kjon}}f'Je 2 iSL'Vf K., Acta 
pharmacol.j 19^5, 1, 9S0. 
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TABLE I. 

Thyroid Hyperplasia of Eats after 1, 2, or 3 Months of Feeding with Soy Bean-Millet Diet 
Supplemented by Dried Thymns, Beef, Os Liver, or Cod Spawn Eespeetively 

Avg size of thyroid in Cellular hyperplasia 
% of norm, for groups of thyroid, estimated 
5 rats for 30, CO, and for each individual 
Diet Xo. 90 days respectively group as an entirety 


1. Dried thymus 

123 

130 

126 

a, 

-b-b 

-b-b 

2. Tliymus, extr. by alcohol 

120 

124 

136 

+ + 

-b-b 

-b-b 

3. Water soluble fract. of thymus ale. extr. 

143 

108 

130 

4- 

0 

-b 

4. Water insolub. fraet. of thymus ale. extr. 

99 

140 

138 

6 

-b 

-b 

5. Dried beef 

117 

144 

124 

0 

0 

0 

6. Dried fiver 

137 

116 

113 

0 

0 

-b 

7. Alcohol extr. of ox liver 

111 

153 

123 

0 

-b 

-b 

8. Dried cod spawn 

115 

106 

108 

0 

0 

0 


to the increase in the size of the thy'roid, 
whereas the histological changes, i.c. the cell- 
ular hyperplasia and especially' the reduction 
of colloid substance became particularly pro- 
nounced. 

Summary. Moderate cellular hyperplasia 
of the thyroid was produced in rats on a soy- 


bean-millet diet or a usual standard diet by 
adding dried thymus from calves. 

The goitrogenic fraction was insoluble in 
water and ethyl alcohol; no goitrogenic effect 
was observed after feeding with dried ox liver, 
dried beef or dried cod sparni. 
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Isolation and Properties of Raphanin, an Antibacterial Substance from 

Radish Seed. 

G. IvANOwcs AND S. Horvath. (Introduced by G. Gomori.) 

From the Institute of Gcncrai Fnthoiogij amt Baclcriotogy, Vniversitg of Szeged, Hungary 


Antibacterial substances are not rare in 
various higher plant species.^ In the course 
of a systematic investigation of aqueous ex- 
tracts of plants belonging to the family of 
Cruciferae for the presence of antibiotic 
principles we found- that extracts of the seeds 
of radish {Raphanus sathus), when tested 
by the cylinder plate method (Heatley^), 
gave a wide zone of inhibition on plates seeded 
either with Staph, aureus or with B. coU. The 
substance responsible for the action could be 
purified and finally isolated as a homomolecu- 
lar liquid. 

Experimental. The aqueous extract of the 
seeds is very effective in preventing the 

1 Kavaungh, F., Adr. Fnzymotogy, 1947, 7, 401. 

- Ivanovics, G., and Horvath, S., Ftaturc, 1947, 
100, 297. 

^ Hcatlcy, X. G., Biocli. J., 1944, 38, Cl. 


growth of bacteria. The cell-free e.\-tract pre- 
pared by the extraction of one part of finely 
ground seeds with 5 parts of water gave a 
30 mm zone of inhibition on plates seeded 
with Staph, aureus or B. colt. Even e.vtracts 
prepared in the ratio of 1:50 caused marked 
inhibition. The antibacterial principle is fairly 
resistant to heat; only a slight decrease in po- 
tency was obsen-ed after heating it to the 
boiling point for 30 min. The cell-free e.\-- 
tract will retain full activity for weeks if 
stored in the ice box. However, all activity is 
lost within 24 hours if the e.xtract is incubated 
with the crushed seeds at S1°C. Considerable 
inactivation occurs under such conditions 
even at 20 C; in fact, even at ice box tempera- 
ture.^ On the other hand, heating the sus- 
pension to 60°C for 15 min. completelv pre- 
vents inactivation. 
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TABLE I. 


Extraction of Antibiotic by Various Solvents fi-om Aqueous Extract of Seeds. 


Solvent 

pH of extract 


Diameter of zone of inhibition 

in mm 


Dilution of organic 
solvent fraction 

\ 

Dilution of 
aqueous residue 

1:1 

1:2 

1:3 

1:4 

1:8 

1:12 

Amri acetate 

2 

24 

22 

21 

22 

16 

15 

M tf 

3 

24 

22 

20 

20 

17 

15 


4 

26 

24 

19 

21 

17 

14 

Butanol 

3 

27 

20 

26 

10 

14 

8 

Etliyl acetate 

3 

28 

26 

25 

22 

10 

13 

Petroleum etber 

3 

13 

9 

0 

27 

00 

20 


If intact or carefully peeled seeds are 
soaked in water for a few hours the diffusate 
is found to be devoid of activity, thus indicat- 
ing that the active principle is firmly bound 
to the cells. Since the active substance ob- 
tained from crushed seeds passes a cellophane 
membrane with ease it is obvious that the 
seeds do not contain the active principle 
proper. This fact, together with the heat 
resistance of the active e.\-tract and rvith the 
failure to obtain active e.vtracts from seeds 
boiled IS min. before crushing them, led to 
the assumption that the seeds contain an 
enzyme capable of converting an inactive 
precursor into an antibiotic. The correctness 
of this assumption could be proven by the 
following experiment; Crushed seeds were e.x- 
tracted with 3 changes of 80% ethanol; the 
extract was concentrated and freed from 
alcohol in vacm (extract A). Another portion 
of the crushed seeds was extracted with water 
and dialyzed in a cellophane bag against tap 
water (extract B). Both extracts were entire- 
ly devoid of any antibacterial activity. How- 
ever, when the extracts were mixed, and the 
mixture allowed to stand for one hour, a 
potent solution resulted. No activity was 
obtained if extract B was heated to 70”C for 
30 min. before adding it to e.xtract A. 

Crude extracts of the active principle were 
prepared as follows; 2000 g of finely ground 
seeds was stirred up with 3000 ml of tap 
water and the mixture allowed to stand at 
Zm .en,p='«»te lo. 30 to 40 mi„. The sos- 
pension was .strained through cheesecloth, and 
the residue squeezed out in a hand press, 
combined filtrates were adjusted to pH a, 
and 14 to 15 ml of a 40% solution of basic 


lead acetate was added to each 100 ml of the 
juice. The precipitate w'as centrifuged off 
and discarded. The e.xcess lead, w’hich other- 
wise would have caused gradual inactivation, 
was removed by the addition of 7 to 8 ml of 
a 20% solution of Na^HPO^ • I 2 H 2 O. The 
supernatant gave only a very slight reaction 
with H 2 S. It should be remarked here that the 
excess lead must not be removed with H 2 S to 
which the active principle is sensitive. This 
procedure of purification caused a loss not ex- 
ceeding 20%. The extract thus obtained will 
be referred to as the purified aqueous extract. 

The active principle can be extracted with 
ease by various organic solvents at an acid 
pH. 40 ml of the purified aqueous e.xtract 
■was shaken xvith 20 ml of various organic 
solvents. The solvents were subsequently 
evaporated in vacuo, and the residue redis- 
solved in 10 ml of water. Both the original 
aqueous phase and this latter solution were 
assayed by the cylinder plate method. The 
results are shown in Table I where the con- 
centration of the redissolved organic solvent 
fraction is referred to as I;l, while that of 
the original aqueous phase b taken as 1;4, 
in comparison to the other fraction. 

The active principle is not absorbed on 
tricalcium phosphate or on kaolin. However, 
it is easily adsorbed on charcoal at pH S 
to 7. All attempts at elution between pH 2.2 
and 11 failed. 

In further experiments a butanol con- 
centrate of the active principle served as a 
standard of reference. An amount producing 
a 19 to 21 mm wide zone of inhibition was 
chosen as an arbitrary unit of activity. 

The pure active principle was isolated in 
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TABLE II 

Elementary Composition of Raplianin and of Inactive Crystalline Substance. 


Solvent used for 
extraction 

Substance 



% composition 


r 

C 

H 

X 

S 

Butanol 

Raphanin, Batch 3 








First fraction 

41.71 ] 

1 

5.031 

( 





41.10 1 

[ 41.27* 

5.41 I 

5.34* 





41.00 1 

1 

5.oS j 

1 




Middle ” 

41.23 ] 

1 41.26* 

5.28 i 

1 5.1S* 

8.41 




41.30 1 

f 

5.08 1 

[ 




End ” 

41.66 


5.27 




Butvl acetate 

Raphanin, Batch 5t 

41.62 } 41.50* 

5.61 ) 5.50* 

8.91 

33.94 1 33.04* 



41.38 

( 

5.40 ' 



33.34 1 


Inact. ervst. substance 

34.64' 


5.48 1 

1 

6.89 1 

45,42 ^ 45.30* 



34.71 !■ 34.65* 

5.09 [ 5.31* 

6.70 }■ 6.73 

45.31 5 



34.60 

1 

5.35 1 

0.60 I 


Theoretical values for 

CitHocE'sOsS; 

42.43 


5.45 


8.74 

33.35 



42.11 


5.28 


S.5S 

33.03 


* Arcrago values 

t Freshly redistilled bj’ molecular distillation. 


the following manner: 5330 ml of the puri- 
fied aqueous extract containing 7370 units 
of the antibiotic was obtained from 2000 g of 
seeds. This solution was extracted with six 
1000 ml portions of butyl acetate. The e.x- 
tracts were combined and assayed; total re- 
cover}' was 5648 units. The solvent was re- 
moved by vacuum distillation. The resulting 
brown oily material was shaken with 200 ml 
of 0.07i\I phosphate buffer pH 7.2; the in- 
soluble material was filtered off and discarded. 
The water-soluble fraction was extracted ivith 
3 portions of chloroform, 30 ml each. The 
combined chloroform e.xtracts contained 5500 
units. The solution of the antibiotic in chloro- 
form was shaken with 100 ml of phosphate 
buffer to remove the last traces of acidic 
impurities. The active principle, together with 
most of the pigment, remained in the chloro- 
form layer. The solution was now passed 
through a column of Brockman’s alumina 
which adsorbed a brick-red pigment. The 
percolate contained all the activity. After 
evaporation of the chloroform and of the 
last traces of moisture, a slightly yellow 
liquid of syrupy consistency was obtained. 
It had a sharp boiling point and could lie 
distilled under reduced pressure without much 
decomposition. Boiling point; 135°C at 0.06 
mm; 142.5'C at 0.09 mm. and 145‘’C at 
0.1 mm Hg. Total weld. 7.5 g. 

The distillate which consisted of the pure 


active principle was designated as raphanin. 
The homogeneity of the distillate could be 
established by redistillation at 135°C under 
a pressure of 0.06 mm Hg. Fractions were 
collected separately at interi’als at the begin- 
ning, the middle and the end of the procedure 
and analyzed for C, H, N and S (Table II). 

Raphanin is only moderately soluble in 
ether. The partition coefficient between butan- 
ol and water is favorable but butanol ex- 
tracts contain a large amount of impurities 
which can be removed only with difficulty. 

In an effort to reduce the amount of sol- 
vent required for extraction, the purified 
aqueous extract was concentrated m vacuo 
at 60” C to about one-half of its original 
volume. In one e.xperiment 4500 ml of puri- 
fied aqueous extract was reduced to 2000 ml. 
This operation resulted in the loss of about 
1000 units. The concentrated liquid was 
extracted with butyl acetate; the solvent was 
evaporated /;/ vaato to a small volume. This 
concentrate was placed in the refrigerator, and 
after standing there overnight, a crop of 
cr\-stals appeared. The crystals were collected, 
recrj-stallized first from boiling water, then 
from ethanol. Yield. 400 mg 31. P. 192 °C 
(decomp.). The elementary analysis is 
shown in Table II. This crystalline substance 
did not possess any antibacterial activity. 

Some physical and chemical properties of 
raphanin. Freshly distilled raphanin has a 
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TABLE III. 


Highest Dilutions of Baplianin Causing Iiiliibition of Bacterial Growth. 


Organism 

Medium 

Partial inhibition 

X 1000 

Complete inhibition 
X 1000 

Staph, attreus 

brotli 


1:50 

1:28 

)} ff 

serum broth* 


1:1 

1:1 

J f if 

easein tn-dr. broth) 

1:50 

1:28 

U. eoli 

broth 


1:10 

1:5 

}> if ' 

scrum broth* 


1:1 

1:1 

M if 

syntlictict 


1:125 

1:70 

Sahn. Schott muUcri 

broth 


1:8 

1:5 

B. anthracis 

if 


1:8 

1:4 

Pseud, aeruginosa 

if 


1:IG 

1:8 

J> )) 

scrum brotli* 


1:4 

1:2 

Salm. iyphi 

broth 


1:10 

1:8 

f} if 

scrum broth* 


1:4 

1:2 


* Containing 50% o.v serum. 

t Accord'ng to Iv.'inovics, Jcla Med. Szeged, 1944, 12, fase. 1. 

t According to Sahj-un, Beard, Selmltz, Snow, and Cross, J. Infect. Dis., 1930, o8, SS. 


TABLE n^. 

Zones of Inhihition in mm with Various Concentrations of R.aphaniii. 



Zone of inhibition in 

nnn 

Organism 

1 mg/ml 

2 mg/ml 

3 mg/ml 

Staph, aureus 

18.5 

22.5 

24 

B. anthracis (avirulont) 

23 

26.5 

28 

” ” (virulent) 

22 

20.5 

29 

’ ’ suhtilis (strain Dntliie) 

20 

20 

29 

’ ’ coH 

16 

19.5 

21 

Salm. typhi — H 

If) 

24.5 

27 

it ti Q 

24 

20.5 

28.5 

” schotimiiUcri 

22 

28.5 

31 

B. shiga-hrusc 

10 

20 

22 

Pseud, aeruginosa 

19 

23 

25 

B. prodigiosus 

12 

15 

19 


slightly yellowish shade which will darken 
on storage at room temperature. It was at- 
tempted to obtain a colorless sample by 
molecular distillation at 60°C. The distillate 
had a very minimal yellowish tinge; it was 
impossible to secure an entirely colorless prep- 
aration. It is believed that the 3'eIIowish 
shade is due to decomposition products al- 
though darkening at room temperature is 
not associated with any noticeable loss in 
antibacterial activity. 

The substance has a radish-like odor. It 


is quite soluble in water with a neutral re- 
action Its solution in absolute ethanol is 
levorotatory; [«]t? = -^^r. Freshly pre- 
pared aqueous solutions give no coloration 
with ferric chloride or with nitroprusside 
However, after treatment with dilute HCl 
and Zn dust, an intense purple shade w^ 
obtained with nitroprusside, indicating the 


presence of -SH groups. If the aqueous solu- 
tion is heated with Ag or Pb salts, a heavy 
black precipitate, insoluble in HNO.i, is ob- 
tained, and the supernatant is found to have 
lost its antibacterial activitjc 

If raphanin is shaken with O.lN BafOH)" 
at room temperature, the excess alkali neu- 
tralized with HaSOj, the BaS04 precipitate 
removed bj' filtration, and the filtrate, evap- 
orated to a small volume, is placed in the 
refrigerator, crystals will precipitate on stand- 
ing. This crystalline substance is inactive. 
M.P., after recrj^stallization from ethanol, is 
192-93'’C (decomp.). When these crj-stals 
were mixed with those obtained from the 
butjd acetate concentrate, no depression of 
the melting point was obseia'ed. 

Antibacterial activity of raphanin. Raph- 
anin was assaj’ed on a number of bacterial 
species, using both the serial dilution method 
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TABLE V. 


Residual Antibacterial Activity of Eaplianin After Heating Its Solutions for 30 min. at 
Difeerenut pH (expressed in per cents of original activity). 


Buffer 

pH 

*^20 

Temperature 

60 80 

lOO'C 

Pliospliate 

5.3 

100 

100 

So 

40 

>> 

7.2 

100 

80 

50 

0 

Glycine 

8.0 

90 

75 

50 

0 

> > 

10 

50 

0 

0 


7 7 

11 

40 

0 

0 



and the cylinder plate technique. An aqueous 
solution of freshly distilled raphanin was 
sterilized by filtration through a fritted glass 
plate. Various amounts of raphanin were 
added to 4 ml of nutrient medium, and the 
volume was made up with dist. water to 5 ml. 
The tubes were inoculated with 0.1 ml of a 
dilute bacterium suspension containing about 
50,000 organisms in one ml. They were in- 
cubated for 24 hours at 37“C. (Table III). 
In tests by the cylinder plate method 3 differ- 
ent dilutions containing 1, 2 and 3 mg of 
raphanin per ml were used (Table IV). 

The activity of raphanin against B. coli is 
superior to that of crystalline penicillin G 
since a 1:1000 dilution of raphanin gave a 
zone of inhibition of 18 mm, whereas peni- 
cillin in the same dilution gave a zone of only 
13 mm. Even a 1:5000 dilution of raphanin 
produced noticeable inhibition while peni- 
cillin in a strength of 1:3000 was without 
effect. 

Raphanin is readily inactivated in the 
alkaline range while it is much more stable 
at a neutral or slightly acid solution. 25 mg 
of raphanin was dissolved in 5 ml of buffer 
solution; the solutions were incubated at 
various temoeratures for 30 min, and the 
activity was tested by the cylinder-plate 
method (Table V). 

.■\s mentioned, raphanin is rapidl)’ in- 
activated by H;S. However, this activation is 
dependent on the pH of the medium. If H^S 
is bubbled through a buffered solution of 
raphanin for 3 min, and the gas subsequently 
removed by aeration, complete inactivation 
occurs at pH 7.2, but only 50% inactivation 
at pH 5. 

Toxicity oj raphanm. Owing to an acute 
shortage of e.vperimcntal animals, the toxicity 


of raphanin could be tested only in a small 
number of mice and guinea pigs, hlice w’eigh- 
ing 16 to 22 g were injected i.v. with doses of 
raphanin ranging from S to 40 mg. Five mg 
caused only transitory weakness, excitement 
and ruffled fur, and the animals recovered 
promptly. Doses of 7 to 10 mg killed the 
animals within 5 to 10 min, while doses of 20 
to 40 mg caused death in a few seconds. The 
results were very similar when raphanin was 
injected subcutaneously, except that the ap- 
pearance of the symptoms was somewhat 
delayed. The sj'mptoms after the injection 
of a lethal dose were weakness, restlessness, 
dyspnea and clonic convulsions, .'\nimals in- 
jected with 10 to 20 rag scratched their noses 
furiously with their hind legs. At post-mortem 
examination no gross anatomical changes were 
found, except for a slight edema at the site 
of injection. 

Three guinea pigs, weighing 450 to 470 g, 
were injected inlracardially with 25, 50 and 
125 mg. No ill effect was observed after 25 
mg; SO mg caused death after 30 min, while 
the injection of 125 mg was followed by signs 
of weakness and excitement, and the animal 
died in convulsions after a few minutes. 

In tissue cultures of rabbit testis, a 20,000 
dilution of raphanin completely prevented the 
growth of fibroblasts; there was a definite 
inhibition of growth at a dilution of 1:40,000, 
while a dilution of 1:80,000 did not cause any 
inhibition. 

Raphanin is a potent inhibitor of the 
germination of various plant seeds, including 
those of radish itself. Seeds were placed on 
discs of filter paper soaked in dilute solutions 
of the antibiotic. The discs were kept in a 
moist chamber for 3 days at room tempera- 
ture. Results are shown in Table VI. 
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TABLE VI. 

The Germination of Seeds of Different Plants in tlie Presence of Rnplianin. 


Plant species 

Coho, of 
mphaniii 

No. of seeds 

No. of seeds 
germinated 

Avg length 
of roots 
in mm 

Saphanus sativus 

T T JS 

0 (control) 

25 

23 

21.5 

1:200 

20 

1 

3.0 

J) 9) 

1:1,000 

25 

24 

14.0 

99 99 

1:10,000 

25 

25 

20.0 

Srassiea olcracea 

0 

25 

20 

ir .2 

9 9 9 9 

1:1,000 

25 

S 

4.0 

9 9 9 9 

1:10,000 

25 

20 

11.0 

FesUica praiensis 

0 

20 

14 

8.6 

99 S3 

1:1,000 

20 

1 

4.0 

99 99 

1:10,000 

20 

13 

n.3 

Sinapis alia 

0 

25 

19 

10.2 

9 1 9 1 

1:1,000 

25 

0 

0 

9 9 39 

1:10,000 

25 

12 

12.5 

Sordeum disiichon 

0 

20 

20 

16.0 

3 9 3 9 

1:1,000 

20 

6 

7.7 

9 9 3 9 

1:10,000 

20 

20 

12.8 


Comments. The molecular weight of raph- 
anin has not been estimated yet but on the 
basis of data of the elementary anai 3 'sis the 
empirical formula could be either CitHosOsNs- 
Ss or CitHsoO^NsSs. The negative nitro- 
prusside reaction indicates the absence of 
-SH groups and rules out the exTistence of an 
unsaturated lactone ring in the molecule. On 
the other hand, the appearance of -SH 
groups after reduction with nascent hydro- 
gen is suggestive of a disulfide linkage. 

The seeds of some of the Cruciferae con- 
tain thioglucosides which are hydrolyzed by 
concomitant enzymes into sugars and agly- 
cons, the latter being mustard oils (isothio- 
cyanic esters). This fact is of importance 
because it is asserted^ that allyl isothiocyanate 
and related mustard oils possess an antibac- 
terial action, a statement not borne out by 
other observations.'^ We were also unable to 
demonstrate any antibiotic effect in the seeds 
of Swap's alba. Raphanin, as can be judpd 
from its composition and chemical behavior. 


■iFoter, 31. 
1938, S. 609. 

5 Osborn, E. 


J., and GoUcb, A. 31., Eood Ses., 
M., Brit. /. BriJ. Pa/!/., 1943, 2t. 


does not seem to belong in the group of 
mustard oils, although data so far obtained 
do not permit anj’ definite conclusions as to 
its e.vact structure. It bears some resemblance 
to glioto.vin isolated from .4spcrgiIIiis fintti- 
gains and to allicin. Both of these latter anti- 
biotics contain a high percentage of sulfur in 
a disulfide linkage; both are effective against 
Gram-positive as well as against Gram-nega- 
tive organisms, and both are rather to.vic. It 
is interesting to note that the intact cells of 
garlic do not contain allicin but only an in- 
active precursor which is transformed bjr a 
concomitant enzyme into active allicin." 

Summary. The preparation and purifica- 
tion of a new antibiotic, raphanin, from the 
seeds of the radish is described. The seeds 
contain an inactive precursor which is activ- 
ated to a potent antibiotic by a concomitant 
enzi'me. 

The phi'sical, chemical, antibiotic and to.vic 
properties of raphanin are described. Rapha- 
nin, owing to its high toxicity, does not hold 
the promise of a useful therapeutic agent. 

cCav.a!!ito. C. X, BaiJey, X H.. .inc! Kirclier. 
F. K., <r. .-tni. Chrm. Soc., 1944, 06, 1950. 
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Chronic Riboflavin Deficiency in the Rat. I. Ossification in the 
Proximal Tibial Epiphysis.* 

Marjorie M. Nelson, Eva Sulon, Hermann Becks, and Herbert jM. Evans. 
From llic Institulc of Experimcnial Biology, The George TVilUams Hooper Foiindatiori for 
Medical Research and the Division of Denial Medicine, College of Dentistry, 
University of California, Berkeley and San Francisco, Calif. 


The importance of riboflavin in skeletal 
development has been recently emphasized 
by Warkany.^ Warkany found that prenatal 
riboflavin deficiency in the rat resulted in the 
production of young with multiple skeletal 
abnormalities. Among the abnormalities were 
developmental disturbances of the mandible, 
shortening and distortion of the extremities, 
various forms of syndactyly of the hands 
and feet, and fusion of the ribs and sternal 
centers of ossification. Histologically, a more 
or less marked delay in ossification occurred 
with persistence of cartilage in many areas. 
Levy and Silberberg- recently reported that 
in the mouse deficiency of riboflavin from 
weaning resulted in retardation of endochon- 
dral ossification and increased “degeneration 
of cartilage.” 

In the present study the changes in endo- 
chondral ossification in the tibia that occurred 
in rats born from riboflavin-deficient mothers 
and maintaind for three to nine months on 
purified diets deficient in riboflavin are re- 
ported. The riboflavin deficiency produced 
under these experimental conditons was chron- 
ic in nature. 

Experimental. Normal female rats of the 
Long-Evans strain, 2 to 3 months of age, were 
bred with normal males and placed on ribo- 

* Aided by grants from the Board of Bcscarcli 
and the Department of Agriculture of the Univer- 
sity of California, the Rockefeller Foundation, 
Now York City, tlie American Foundation for 
Dental Pcicnce. and the C.alifornia State Dental 
Association. Crystalline B vitamins and synthetic 
alpha-tocopherol were generously furnished by 
Merck and Co., Rahway, N..T. 

1 'Warkany, J., Vitamins and Bormnucs, lilt.";. 
it, 73, Academic Dress. Inc.. New York, Publishers. 

- Levy, B. M.. and Silberberg. R.. Pr.oc. Soe. 
E.XP. Bioi- .VN-I> Mr.D., 1040, CB, 


flavin-deficient or control diets the daj' of 
breeding. At birth the riboflavin-deficient 
young were carefully examined for skeletal 
abormalities. All litterst were weighed everj-^ 
5 days, weaned on the twenty-first day and 
continued on the same diet as their parents. 

Previous studies^-'*’^ have disclosed that 
riboflavin deficiency is accentuated by a high 
fat diet. For this reason 2 riboflavin-deficient 
diets were used ; one was high in carbohydrate 
and the other, high in fat. The latter was 
given from 90 days of age to the end of the 
e.xperiment. The high-carbohydrate diet was 
composed of 24% alcohol-extracted casein, 
64% sucrose, 8% hydrogenated cottonseed 
oil (Crisco), and 4% salts No. 4.® The high- 
fat diet contained 48% instead of 8% hydro- 
genated cottonseed oil vith a corresponding 
reduction in the proportion of sucrose. Both 
diets contained the following crystalline B 
vitamins per kilogram of diet: 5 mg thiamine 
HCl, 5 mg pyrido.xine HCl, 10 mg p-amino- 
benzoic acid, 20 mg nicotinic acid, 50 mg 
calcium pantothenate, 400 mg inositol, and 
one gram choline chloride. .A fat-soluble vita- 
min mixture was given weekly and contained 
325 mg corn oil (Mazola), 400 U.S.P. units 
vitamin .A, 58 Chick Units vitamin D, and 3 
mg alpha-tocopherol. During the lactation 
period the lactating mothers received a double 

t Six young were kept per litter. 

•1 Mnnnering, G. .T., Lipton, M. A., Elvelijem. 
C. A., and Hart. E. B., Pr.oc. Soc. Exp. Bioi.. .\ni) 
Meo.. 1P41, 4C, 100. 

■I Mannering, G. .T., Orsini, D., and Elvebjem, 
C. A., J. yutrition, 1044, 28, 141. 

Czackc?, J. W., and Guggenbeim. K., J. Biol. 
Chem.. 1040. 1C2, 207. 

0 Ilegsted. D. M., Mills, R. C., Elvebjem. C. 
and Hart. E. B., J. Biol. Chem., 1041, l:J8, l.'iO. 
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TABLE L 

Riboflavin Deficieney in Male Bats from Birth. 

At autopay Width of proximal 

, V epiphyseal 


Group 

Animal No. 

Age 

(day) 

Wt 

(g) 

Length of tibia'’ 

(mm) 

cartilage of tibia t 
(^) 

I 

B8492 

96 

317 

39.2 

244 

Eiboflarjn control 

BHS494 

110 

352 

41.2 

165 

group 

BHS487 

144 

436 

38.2 Avg 40.5 

163 Avg 143 


B7985 

194 

537 

41.8 

130 


GH7980 

239 

520 

39.6 

144 


BH79S6 

278 

630 

42.9 

110 

II 

B6491 

96 

41 

24.1 

124 

Riboflavin deficient 

GH2467 

110 

94 

32.7 

114 

group 

B2498 

144 

122 

35.0 Avg 34.3 

114 Avg 111 


BH2499 

194 

169 

37.9 

123 


B2495 

237 

127 

36.9 

100 


B2493 

277 

188 

39.3 

89 


* The length of the tibia rvas measured u-ith calipers before decalcifieation. 
t As measured in the central portion of histologic sections ivdth an ocular micrometer. 


amount of the fat-soluble vitamin allotment. 
Control rats received the identical purified 
diet supplemented with 10 mg riboflavin per 
kilogram of diet. 

For the histologic study of the tibia 6 ribo- 
flavin-deficient animals that were most severely 
affected as judged by external appearance and 
retardation of body weight were selected. 
These animals together with the riboflavin 
controls were autopsied at ages varying from 
3 to 9 months, i.e. 96, 110, 144, 194, 237 and 
278 days (Table I). The tibias were fixed in 
10% neutral formol, roentgenographed and 
measured, decalcified in 5% nitric acid, em- 
bedded in nitrocellulose, sectioned at 8-10 


micra, and stained with hematoxylin and eosin. 

Results. During the first 90 days of the 
experiment on the high-carbohydrate diet, 
only a mild riboflavin deficiency was pro- 
duced, the rats showing few deficiency symp- 
toms other than retardation of growth. In 
agreement with the findings of previous in- 
vestigators, the deficiency was accentuated 
by the high-fat diet. Dermatitis, alopecia, 
cataracts, spasticity, and marked decreases in 
“rowth occurred in many animals. However, 
the prolonged survival of many animals (see 
autopsy ages, Table I) showed that the 
deficiency was chronic rather than acute even 
with the high-fat diet. It may be mention^ 
that no skeletal abnormalities were obserr^ed 
in the young born from nboflav.n-defic.ent 


mothers given either the high-carbohydrate 
or high-fat diets the day of breeding. Neither 
were abnormalities found in the second lit- 
ters produced by these same mothers after 
they had received the deficient diets for 50-60 
days at the time of the second breeding. 

In Comparing the tibial length and width of 
the epiphyseal discs marked differences were 
found between the riboflavin-deficient and 
the control group (Table I). The average 
length in the riboflavin-deficient group was 
34.4 mm against 40.5 mm in the riboflavin- 
control group. Epiphyseal disc measurements 
averaged 111 micra for the deficient as com- 
pared ivith 143 micra for the control animals. 
Thus the decrease in epiphyseal disc width 
was aligned with shorter tibial length. The 
greatest changes in tibial length and cartilage 
disc width occurred in the youngest deficient 
animals. Severe decreases in body weight were 
found simultaneousl 3 '’ (Table I). 

The histologic aspect of the epiphyseal 
cartilage of the tibia in normal rats and 
changes occurring with increasing age have 
been recently presented in detail.’ In this 
study measurements of tibial length and epi- 
physeal disc mdth of the riboflavin control 
animals were slightly but consistent!}' belou 
normal at every age, although histologic differ- 
ences were slight. A microscopic study of the 
process of endochondral ossification in the 
tibia revealed decided differences between the 
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but the adjacent lamina of bone was so deli- 
cate as to be almost non-existent. The tra- 
beculae were sparse in number and fine in 
structure. In the epiphysis, there was a thin, 
nearly continuous, horizontal layer of lamellar 
bone resting directly upon the cartilage (Fig. 
3). The cartilaginous epiphyseal disc consists 
of 5 to 9 flattened cells and only one to 2 
vesicular cells. The matrix is abundant in 
the basophilic region with bands occasionally 
traversing the entire width of the plate. Calci- 
fication of the matrix from the diaphyseal 
side is in progress and is enclosing the 
majority of vesicular cells. Osteogenesis has 
practically ceased and trabeculation consists 
only of short projections covered with true 
bone. This stage foreshadows the sealing-off 
of the epiphyseal cartilage from the marrow 
caidty by bone. Erosion is rare. The marrow 
shows an unusual wealth of osteoclasts but 
is normal in fat content. 

At 110 days the epiphysis was somewhat 
larger; othenvise the appearance was the same 
as that of the 96-day-old tibia. The cartilage 
disc was slightly reduced in width. There was 
no evidence of fat infiltration in the marrow. 

At 144 days the changes were more severe. 
The epiphysis showed advanced ossification. 
The bone lamina beneath the articulating 
cartilage, the trabeculae, and the layer of 
bone above the epiphyseal disc ivere increased 
in thickness. The cartilaginous disc (Fig. 4) 
is very narrow and the chondrocytes in the 
basophilic zone are arranged conically. The 
vesicular cells are enclosed in calcified matrix 
having a well-advanced marginal deposit of 
lamellar bone sealing it from the marrow. 
Three or 4 heavy isolated trabeculae extend 
into the diaphysis. Numerous osteoclasts are 
present in the marrow cavity and the number 
of large fat cells is increased markedly. 

The findings in the tibias of the older age 
groups were similar. The margins of the epi- 
physeal cartilage were highly irregular and 
the matrix between the pyramidal groups of 
cells was increased. At 277 days the cartilage 
disc was the narrowest obsen^ed in this e.xperi- 
ment and was reduced in a few places to 40 
micra. The matrix lay in wide tracts m verti- 
cal or oblique planes across the disc, often 


penetrating the marrow on the diaphyseal 
side and forming short trabeculae which 
showed lamellar bone on their surface. IMuch 
of the disc ivas separated from the marrow by 
true bone. The 3 or 4 remaining lamellar 
trabeculae evinced no particular orientation 
with respect to the diaphysis. The marrow 
contained an unreduced amount of fat cells. 

Discussion. The foregoing e.xperiment was 
planned to study the effects of prenatal ribo- 
flavin deficiency on skeletal growth in the 
3 'oung. In contrast to Warkany, no skeletal 
abnormalities were observed at birth and the 
animals were sacrificed at ages varying from 
3 to 9 months. The pathological changes ob- 
senmd were not necessarilj’' progressive with 
age since the animals had varying degrees of 
the deficienc 3 '- at the time of autopsy. Some 
of the older animals had liwd considerably 
longer before showing outward signs of the 
deficiency and were less affected than animals 
autopsied at an earlier age. .Also histological 
changes in the tibia due to age may have 
masked some of the changes due to riboflavin 
deficiency in the older animals. However, 
even at 278 days, the tibia of the deficient 
animal, although showing the characteristic 
changes of advanced age, differed markedly 
from that of the riboflavin control. 

The principal histologic changes observed 
in the riboflavin-deficient group were retarded 
development of the epiph 3 'sis, progressive de- 
crease in the width of the epiphyseal cartilage, 
increased hyalinization of its matrix, calcifica- 
tion and separation of the epiph 3 'seal cartilage 
from the marrow caviti' b}- a thin layer of 
bone. Osteogenesis ceased with an almost 
complete disappearance of the diaphi'seal tra- 
beculae. Unusual fat infiltration with reduc- 
tion of hematopoietic tissue occurred in most 
of the older animals and was similar to the 
myeloid h 3 'poplasia recentN reported hr’ 
Endicott cf of.h® for acute riboflavin de- 

} Endicott ft o/io® also found tlmt both ribo- 
flavin and “folic ,neid’’ were conccnicd in tld^ 
hypoplasia. Purtlicr studios iviil bo necessary to 
separate the effects of those two wtamins on endo- 
chondral ossification. 

S Endicott, K. M., Kornberg, A., and Ott, Jf., 
Btood, 1947, 2, 1C4. 
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ficiency in the rat. In general, the changes 
observed in this study of the rat rvere similar 
but much more severe than those reported 
for the mouse by Levy and Silberberg.- 

Reasons for the failure to duplicate the 
Warkany findings (?.c. multiple skeletal ab- 
normalities) are not obvious. The e.vperi- 
mental conditions and the purified high-carbo- 
h 3 'drate diet rvere similar but not identical 
with those used by Warkany. The principal 
dietary difference was the use of an alcohol- 
e.vtracted casein, probably contaming slightly 
more riboflavin® than that used by Warkany, 
at a instead of 18% level in the diet. 
The use of a high-fat diet to accentuate the 
deficiencj’’ should have overcome this differ- 
ence in the protein components of the diets, 
.^t the present time 40 litters comprising 350 
riboflavin-deficient young have been care- 
fully examined at birth. While clearing with 
microscopic examination might have revealed 
some skeletal defects, abnormalities such as 
shortening of the mandible with protrusion 

8 Cannon, M. D., Boutwcll, R. K., and Elvelijeni. 
C. A., Science, 1945, 102, 529. 


of the tongue and sj-ndactidism of the e.x- 
tremities which occurred with high frequency 
in Warkany’s abnormal I’oung could have 
been easily recognized by external inspection. 
Further studies on this problem are in prog- 
ress. 

Summary. The tibias of 6 male rats of the 
Long-Evans strain born from riboflavin de- 
ficient mothers and maintained on riboflavin 
deficient diets for 3 to 9 months were studied 
histologically and compared with an equal 
number of controls reared upon the same 
diet but with riboflavin added. 

In the deficient rats the growth of the 
tibia was retarded and endochondral ossifica- 
tion was gravely impaired. Marked reduction 
in chondrogenesis and in capillary erosion 
and ossification were characteristic for all 
degrees of the deficiency. The formation of 
a thin calcified plate on the diaphj'seal side 
of the epiphyseal cartilage is a finding in 
consonance with the earl\- arrest of growth. 
Hematopoietic tissue was replaced by fat in 
all animals after 144 daj's on the deficient 
diet. 
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A New Method for the Production of Non-Specific Capsular Swelling of 

the Pneumococcus. 

Ralph F. Jacox. (Introduced bj' G. P. Berrj'.) 

From the Departments of Bacteriotopti and Medicine, ITniversitp of Doclirsicr Sehnni of 
Medicine and Dentisir;/, Itoehester, X. y. 


Xeufeld.^ and Neufeld and Eiinger- 
Tulczjmska® first described the phenomenon 
of capsular swelling of the pneumococcus 
when specific antiserum was added to the 
organism. This capsular swelling, known as 
the “quellung" reaction, is dependent upon 
the reaction of capsular polysaccharide with 
its specific antilwdy. It has been shown that 

I Xoufoia, K.. f. flpp. If. Infi'ctionshrant'h., 
1902. 40. r>i. 

I Ninifciit. r., niiit Etiii{:cr-Tn!c7.i)isV;.q, R,. )hid.. 
lO.".!, 1 12, 492. 


an excess of specific polysaccharide,® heat,'* 
papain digestion.® and repeated washing with 
water® can produce a reversal of the specific 
“quellung" reaction. 

Non-specific capsular swelling of pneumo- 

a Xungp?ter, W. .T.. nnd Kempf. II., Pr.oc. 
Soc. E.xr. Riot.. .\xd Mr.n., 1940, 43, 705. 

EtiiifjiTTiilfzynsk.q, R.. /. JJiiri. u. Infer- 

iinnrl-rnnl-h.. I9oo. 114. 709, 

Kalman'nn. G. M., .-infl Bronfi'iibrininr. ,T., 
Srienrr, 1P4'-, 00. 21. 

c. Kpiiipf. A. II.. :inil Xiingcstcr, W. .1.. ,r. inf. 
ni.f., 1942, 71. .'0. 
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TABLE I. 

The Effect of Various Proteins anti Non-Protein Substances on Caiisular Swelling of the Tj-pe 

27 Pneumoeoceus. 


Substance tested 

pH 4.0 

pH 5.0 

pH 5.5 

pH C.O 

Crystalline urease 

4-i-" 

0 

0 

0 

Diaphoraso 

2-f 

0 

0 

0 

3-P!iosphoglyceraldehyde dehydrogenase 

0 

3-1- 

4-f 

2-f 

Purified horse serum albumin 

3-f 

0 

0 

0 

” ” hemoglobin 

4-f 

n 

0 

0 

Cinde tlirojnbin 

4-f 

0 

0 

0 

Zinc insulin 

2+ 

0 

0 

0 

C}’toebrome C 

0 

0 

0 

0 

” ” (dialyzed) 

0 

0 

0 

0 

Egg albumin 

4+ 

0 

0 

0 

Boiled horse serum albumin 

3+ 

0 

0 

0 

” ” hemoglobin 

4+ 

0 

0 

0 

Commercial gelatin 

1+ 

0 

0 

0 

Wheat gluten 

2+ 

0 

n 

0 

Inositol 

0 

0 

0 

0 

Inulin 

0 

0 

0 

0 

Lactic acid, M/100 

0 

0 

0 

0 


* Intensity of capsular swelling is indicated by the conventional notation from 0 to 4-f- 
(maximum). 


cocci was first reported by Lofstrom,” who 
used human sera obtained from patients in 
the acute ohase of a febrile, usually bacterial, 
illness. When such sera were mixed with 
several different pneumococcal types, cap- 
sular swelling occurred. Tj^ie 27 pneumo- 
coccus was found to react most effectively. 
Similar acute-phase serum had been shomi to 
produce a precipitate with “C” carbohydrate 
prepared from a rough strain of pneumo- 
coccus.®'” Both capsular swelling and the 
precipitin reaction are reversed by the addi- 
tion of sodium citrate to remove ionized 
calcium.”'** Reciprocal-absorption experi- 
ments revealed that the same reactive protein 
produced a precipitate with “C” carbohydrate 
as produced pneumococcal capsular swelling.*® 
Recent work in this laboratory on the 
“non-specific capsular swelling” properties ^ 

'~7l^strom7G^r^^« Scand., 1943, Ruppl. 


141 , 1 - 

STillet, W. S., and Francis, T., Jr., J. Exp. 
Med., 1930, 53, 561. • 

9 Tillet, W. S., Goebel, W. P., and Aver}-, O. T., 
J. Exp. Med., 1930, 53, 895. 

10 Ash, E., J. !«/• Dis., 1933, 53. 89. 
llAbernetby, T. J., and Avery, 0. T., J. Exp. 

iESeo^'c. U., and Avery, O. T., J. Exp. 

^i?lSrom%f Er. J. Exp. f ^4; “'/"■ 

MCarlens, E., Acta Otolaryng., 1941, 29, 316. 


human sera for Type 27 pneumococcus has 
revealed another mechanism for the produc- 
tion of a “quellung” reaction. As far as the 
author can discover, this mechanism has not 
been previously described. In the course oi 
experiments to determine the effect of pH 
on the “non-specific capsular swelling” phe- 
nomenon of Lofstrom, acute-phase serum was 
treated with 0.01 M lactic acid. At pH S.O-S.S 
a protein fraction was precipitated that was 
partially soluble in an 0.01 M lactic acid 
solution adjusted to pH 4.0. When formalin- 
killed Tjqie 27 pneumococcus was added to 
this soluble fraction at pH 4.0, capsular 
swelling was observed. All of the human sera 
tested, normal or abnormal, displas’ed this 
reaction. Studies on beef, swine, and lamb 
serum revealed a similar reaction. 

Purified preparations of several enz}’mes, 
horse-serum albumin, and horse hemoglobin* 
were found to react effectively to produce 
capsular swelling at pH 4.0 (Table I). Test 
of serial dilutions of the albumin and hemo- 
globin solutions revealed that the minimal 
amount of the proteins required to produce 
“quellung” of the pneumococci was 120 and 

♦ Enzymes and purified albumin .and licmoglobin 
wore obtained through the kindness of Dr. Alex- 
ander Domiec, Department of Biochemistry, Uni- 
versity of Boehester School of Medicine .and 
Dentistry. 
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20 /ig per ml, respectively, wlien enough or- 
ganisms were added to give one or 2 pneumo- 
cocci per oil-immersion field. Non-protein 
substances and cytochrome C (Table I) were 
non-reactive. In distinction to the other mate- 
rials tested, 3-phospho-glyceraldehyde-dehy- 
drogenase was optimally reactive at pH 5.5. 

Inhibition of the “quellung” reaction could 
be brought about by the addition of readily 
ionized salts to the protein-pneumococcus 
mLvture adjusted to pH 4.0. As low a con- 
centration as 0.02 M sodium chloride and 
0.07 M potassium iodide were effective in 
inhibiting capsular swelling. On the other 
hand, the reaction was not inhibited in 0.55 
M glucose. 

When purified horse hemoglobin was used 
to produce capsular swelling, it was noted 
that condensation of the protein occurred 
around the enlarged capsule. This gave the 
appearance of a distinct rim of golden pig- 
ment dotting the periphery of the capsule. As 
the reaction proceeded, each pneumococcus 
was completely surrounded by hemoglobin. 
Eosin azo-dog serum, in a similar manner, 
produced capsular swelling. The protein ap- 
peared to penetrate the capsule to give it 
a diffusely stained, deep-pink color, ^\^len 
specific antiserum was added to maintain 
capsular swelling and the pH was brought 
back to 7.0, the pink-staining protein w’as 
no longer present in the capsule. Pneumococci 
were treated with eosin azo-protein at pH 
4.0. centrifuged free of the solution, brought 
to pH 7.0 and then placed in a colorless pro- 
tein solution at pH 4.0. These organisms then 
contained no microscopically visible eosin 
azo-protein in the swollen capsular substance. 
The reaction would appear to demonstrate a 
reversible combination of protein with the 
capsular polysaccharide, dependent on con- 
ditions of pH. 

This new method of producing non-specific 
capsular swelling is not peculiar to Type 27 
pneumococcus. Formalin-treated pneumococci. 
Tnucs 1, 2. 3, 5, 7, S, 19. and 28 were tested 
and all reacted with equal facility to several 
proteins. Similar capsular swelling did not 
occur, however, with Klebsiella pnatnwniac, 
a mucoid Escherichia coU, or a mucoid Strepto- 


coccus hcmolyticus, although acid agglutina- 
tion was observed under these conditions. 

.An attempt was made to determine the 
reactivity of purified polysaccharide sub- 
stances with different non-specific proteins at 
pH 4.0. Both Type 28 and T\pe 3 polysac- 
charide substances were found to be reactive 
with proteins at pH 4.0 to produce a dense 
flocculent precipitate. This combination was 
reversible in that the precipitate washed in 
0.01 M lactic acid solution adjusted to pH 
4.0 and then brought to pH 7.0 was found 
to be clear and to react by precipitation with 
Type 3 specific antiserum. .A pH of 4,0 was 
well beloiv the iso-electric range of the pro- 
teins tested, and the pH of each protein- 
carbohydrate reaction mixture was redeter- 
mined to insure that flocculation was not due 
to iso-electric precipitation of the protein. 
The addition of sodium chloride did not in- 
hibit precipitation, in distinction to the ob- 
served effect on the “quellung” reaction. 

Discussion. The mechanism of the “quel- 
lung” reaction is not clear. Johnson and 
Dennison’’* felt that the increase in volume 
of the pneumococcus resulting from “quel- 
lung” was greater than the aggregate volume 
of the antibody molecules adherent to the 
capsule. They suggested that capsular hydra- 
tion took place as a result of antigen-anti- 
body combination. Mudd, ct al.,'^'^ on the 
basis of electron microscopy, felt that the 
pneumococcal capsule consists of a gel of 
low density* that reacts with homologous im- 
mune serum to produce increased thickness 
and density of capsular gel. Kempf and 
Nungester® noted that a 2 molar solution 
of sodium chloride did not prevent or re- 
verse the “quellung” reaction to specific serum. 
The enlarged capsules disappeared on wash- 
ing several times in water, only to reappear 
with the addition of physiological saline solu- 
tion. 

Summary. The e.xperiments outlined indi- 
cate that pneumococcal polysaccharides com- 
bine with various proteins at pH 4.0 to form 

l'" .Tolm'oit, F. ir., .'ind Pcniiison, tV. h., .T. Im- 
niimnl.. 104-t. -18. 317. 

ic Jtadd, ricinmet?. F.. and Andcr.^on, T. F.. 
.T. F.rp. Mr<h. rg, ^.‘17. 
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insoluble aggregates. This reaction is one of 
loose • combination, since it can be reversed 
by readjusting the pH to 7.0. Non-specific 
capsular swelling of pneumococci can be pro- 
duced also under these conditions, but, in 
addition, the protein-pneumococcus mixture 
at pH 4.0 must be relatively salt-free. It is 
felt that an altered state of the caosuiar gel 
is produced by the interaction of protein and 
carbohydrate. In the absence of ionized salts, 
the polysaccharide-protein gel becomes in- 
creasingly h)^drophilic and therefore capable 


of enlarging to produce the “quellung” re- 
action. Both specific and the described acid- 
protein’ quellung can be produced in the ab- 
sence of calcium' inr distinction to Lofstrom’s 
non-specific “quellung” phenomenon. 

Grateful acknowledgment is made to Henry tV. 
Sclierp, Pli.D., Department of Baetcriology, Uni- 
versity of Eoehester School of Medicine and 
Dentistry, for supplying the polysaccharide prep- 
arations and eosin azo-protein, and for many 
helpful. criticisms and suggestions. 
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Effect of Alloxan Diabetes on Reproduction in the Rat.* 

M. Edward Davis, Nicholas W. Fugo, Kenneth G. Lawrence. 

Fro?n the Vcpartmeiit of OVstctrics and Gynccologp, and of Fharmacology, 
The University of Chicago and The Chicago Z/ying-in Bosgital 


The administration of allo.xan to e.xperi- 
mental animals will produce a condition anal- 
ogous to diabetes mellitus in man.’'--® The 
principal effect of the drug is a selective ne- 
crosis of the islets of Langerhans in the 
pancreas, although there is slight damage to 
other tissues.'*'® The experimental diabetes 
ma}'' be transitory in character and the animal 
recover, or it may be permanent, becoming 
progressively more severe until the animal 
succumbs. The dose of the alloxan admin- 
istered is the most important factor in the 
ultimate course of the diabetic state. 

Priedgood and iMiller® injected allo.xan 
4 days laefore parturition and obtained nor- 

* This -work has been done under a gr.mt from 
the Douglas Smith Foundation for Medical Ke- 
search of the University of Chicago. 

1 B.ailey, C. C., and Daily, O. T., J. A. M. A., 
1943, 122, 1165. 

2 Dunn, J. S., and McLetchie, X. G. B., Lancet, 
1943, 2, 3S4. 

3 Goldner, M. G., and Gomori, G., Endocrinology, 
1943, S3, 297. 

-I Brunschwig, A., and Allen, J. G., Cancer Ecs., 
1944 4, 45. 

5 Dunn, J. S., Sheehan, H. D., and McLctchic, 
N. G. B., Lancet, 1943, 1, 4S4. 


ma! litters. This observation suggests that 
terminal diabetes is not sufficient to interfere 
with the development of fetuses. The high 
incidence of pregnancy complications in 
human diabetics prompted us to restudy the 
problem and the following e.xperiments were 
designed to provide additional pertinent in- 
formation. 

Methods. The objectives of these e.xperi- ^ 
ments were three-fold: (1) to determine the 
effect of alloxan diabetes on cyclical activity 
and fertility in the rat, (2) to study repro- 
duction in rats made diabetic early in preg- 
nancy and (3) to evaluate the course of preg- 
nancy and labor in the rat with diabetes con- 
trolled adequateh" by insulin. 

Young mature female rats, weighing 175 
to 250 g, of the inbred Sprague-Dawley stock 
raised and maintained in our laboratory were 
used throughout these studies. They were 
given free access to a balanced diet which was 
supplemented by milk as well as wheat germ 
oil once a week. Sex cycles were followed 
routinely employing the standard r-aginal 

cFriedgood, C. E., .'ind Miller, A. A., Proc. Soc. 
Exp. Bion. and Mud., 1945, DO, 61. 



Alloxan Diabetes and Reproduction 


639 


smear technique. The animals were mated 
by introducing them to males of knoivn 
fertility and the onset of gestation noted by 
the presence of spermatozoa in the vaginal 
smear. It was further checked by the ap- 
pearance of the placental sign on the twelfth 
day of the gestation. 

Fasting blood sugar levels on venous blood 
from the tail were determined at 2- or 3-day 
intervals throughout these experiments by 
Somogyi’s micro-modification of the Schaffer 
and Hartmann method. The animals were 
placed in metabolism cages during the day 
at least 4 hours prior to the blood sugar de- 
terminations in order to insure fasting levels. 
In those animals receiving insulin for the 
control of the hyperglycemia, qualitative 
sugar determinations on the urine at frequent 
inter\'als made it possible to follow the course 
of the diabetes. 

Cyclical activity was studied in the first 
group of 6 animals. After a baseline of normal 
estrous cycles was established for each ani- 
mal, it was injected with alloxan intravenous- 
1}'. The vaginal smears were followed for a 
sufficiently long period so that the character 
of the diabetes induced in the animal could 
be established and the effect of the hyper- 
glycemia on estrous cycles studied. \’arying 
amounts of alloxan were used. Some of these 
animals were subsequently mated and their 
pregnancies followed. 

A second group of 49 normal female rats 
was placed with males and as soon as preg- 
nancy was diagnosed by the appearance of 
spermatozoa in the vaginal smear they were 
segregated. Prior to the fifth day of the preg- 
nancy they were injected with varying 
amounts of alloxan. Blood sugar determina- 
, tions were made on alternate days throughout 
their pregnancies. Three of these animals were 
followed through a second pregnancy. The 
animals were carefully observed for the ac- 
cidents of pregnancy. 

.■\ third group of 7 rats was made diabetic 
; by alloxan. When it was certain that the dia- 
, betes was permanent in character, the hyqjer- 
glycemia was controlled by insulin. These ani- 
mals were allowed to male and the resultant 
pregnancies carefully studied. 


Results. The Effect of Alloxan Diabetes on 
the Estrous Cycle. After the normal estrous 
cycle had been established in 6 rats, each 
received 40 mg of alloxan per kilo of body 
weight. One animal died 3 days after tbe 
injection at which time the fasting blood sugar 
value was 379 mg %. Two of tbe animals 
developed a transient diabetes only and in 
these the blood sugar levels returned to the 
normal by the eighth day. The hyperglycemia 
in these animals reached their highest values, 
160 and 207 mg %, on the fifth day folloiwng 
the administration of allo.xan. The remaining 

3 animals developed permanent alloxan dia- 
betes. Fasting blood sugar levels ranged from 
288 to 360 mg % throughout the period of 
observation. 

Following the development of hypergly- 
cemia the estrous pattern changed. Estrous 
smears occurred with considerable irregularity 
and the interval was prolonged. The normal 

4 or 5 day pattern was replaced by one of 
9 to 12 days, the animal remaining in the 
diestrous condition the greater part of each 
cycle. 

Effect of Alloxan on Mating. Nine diabetic 
animals in whom blood sugar levels varj’’ 
from 225 to 350 mg % were placed wdth 
males of known fertility. When estrus oc- 
curred these animals mated normally as evi- 
denced by the presence of spermatozoa in the 
vaginal smear. However, the irregularity of 
the estrous cycles and the prolonged inten^al 
between estrous periods lengthened the time 
necessary for mating. 

Three of the animals died 4 or 5 days after 
spermatozoa were found in the vagina. These 
animals had normal gestations and their 
deaths were probably due to the diabetes. Two 
rats who had hj-perglycemia prior to preg- 
nancy developed normal blood sugar levels 
during the gestation. These 2 animals carried 
their pregnancies to term and delivered nor- 
mal litters uneventfully. The remaining 4 
animals continued to e.xhibit a marked hN-per- 
gh'cemia with levels ranging from 210 to 360 
mg ^c. The placental sign appeared on the 
twelfth day of the gestation. However, at 
the end of their pregnancies they delivered 
macerated placentas and no fetuses. 
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TABLE I. 

Summary of Biabctie Eats Treated rvith Protamrne Zinc Insuiiu. Xote the lack of difference in size of 
litters or freights of fetuses betrrecii normal and diabetic animals 


r* ® 

Units of 
Protamine 
zinc 

insulin/day 

Xo. of 
fetuses 
in litter 

Sc 

X 

Avgwt,g 

Blood sugar 
P.P. Xo 
insulin 
nig.% 

Eemarks 


F 

M 

F ' 

372 

0.75 

a 

4 

5 

6.2 

4.5 

215 

P.B.S. 2 days postpartum 

470 

0.75 

5 

2 

3 

5.0 

4.0 

373 

33 33 3i 

471 

0.75 

11 

4 

7 

0.2 

5.0 

360 

33 33 33 

580 

0.75 

4 

2 

2 

5.5 

6.0 

270 

33 33 I • 

269 

0.75 

0 

o 

3 

6.5 

6.0 

399 

33 33 >3 

183 

0 

9 

4 

0 

6.2 

6.2 

Xormal 

Breeding stock 

112 

0 

6 

4 

o 

5.2 

5.0 

yy 

33 3 3 

92 

0 

10 

4 

6 

5.0 

5.0 

j y 


100 

0 

0 

o 

3 

6.7 

5.6 

yy 


186 

0 

4 

2 

O 

5.6 

5.6 

3 y 



of Alloxan on Pregnancy. A total of 
49 pregnant rats were injected intravenously 
with alloxan, the amount ranging from 30 to 
60 mg per kilo, prior to the fifth day of gesta- 
tion. The most satisfactory dose from the 
viewpoint of developing a permanent diabetes 
was 40 mg per kilo. Twenty-seven of these 
animals died at various stages of their preg- 
nancies and they were studied postmortem. 
Fourteen of the animals were sacrificed at 
various periods in their pregnancies in order 
to provide fresh material for histologic study. 
Five of the animals survived their pregnancies 
and delivered macerated placentas at term. 
The remaining 2 animals did not maintain 
their hyperglycemia during the pregnancy 
and they were sacrificed on the ninth and 
fourteenth days of the gestation. Their preg- 
nancies were progressing uneventfully. 

Gross and histologic examinations of the 
reoroductive organs of the diabetic rats re- 


vealed typical changes in the entire group. 
The pregnancies progressed normally until 
the twelfth day of the gestation. The fetusK 
and the placentas were normal. Following this 
period the fetuses died and were slowly ab- 
sorbed. Necrotic fetuses in various stages of 
degeneration and absorption were present 
in^the animals sacrificed at varying periods 
of pregnancy. (Fig. 1.) The placentas con- 
tinued to grow after fetal death and remained 
attached to the uterine wall until separated 
duS parturition. The size of the placenta 
at term was distinctly smaller than the norma 
placenta probably because of the absence of 
Se fetus The placentas were delivered at 


term after an uneventful parturition and all 
visible remnants of the fetus had disappeared. 

These experiments provided proof that the 
rat made permanently diabetic by the admin- 
istration of alloxan very early in pregnancy 
could not deliver a living litter at term be- 
cause of fetal death prior to the twelfth day. 
The next step was to see if the control of 
the hyperglycemia by insulin would result 
in normal pregnancies. A group of 7 rats 
was made diabetic by the intravenous in- 
jection of 40 mg of allo.xan per kilo of body 
weight. Their fasting blood sugar levels ranged 
from 253 to 458 mg %. Two weeks later 
when it was made certain that the diabetes 
was permanent the animals were placed on 
protamine zinc insulin, the amount admin- 
istered being controlled by daily qualitative 
urine sugar determinations. When the dia- 
betes was controlled by the insulin, the ani- 
mals were allowed to mate and become preg- 

nant. . 

The most striking result following the 
control of the diabetes by insulin was the 
resumption of normal, regular estrous cycles. 
The animals became pregnant, carried through 
to term uneventfully and delivered normal 
living litters. Two of these animals died at 
term and subsequent autopsy examinations 
did not reveal the cause for the deaths. The 
placentas and the young were normal. 

Insulin therapy was discontinued several 
days after delivery in order to determine the 
status of the diabetic state. In all instances 
blood sugar values returned to their previous 
levels at which they continued as long as 
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Pig. 1. 

Photomicrographs tlirougli gravid uteri. A. Permanently diabetic rat .at 16 days of 
gestation. Note the necrotic condition of the fetus. B. Rat witli transient diabetes at 15 
days gestation. The diabetes lasted 7 days. The fetal structures appear normal. C. Con- 
trol animal at 14 days gestation. 


no insulin was administered. The pregnancies 
and the insulin therapy did not alter the dia- 
betes. (Table I). 

Discussion. .-Mloxan diabetes in the rat 
alters the normal cycles, decreases fertility 
because of this change and affects pregnancy 
seriously. It is important to make certain 
that the permanent diabetic state has been 
induced. Transitory hj^ierglycemia is a 
frequent result following an inadequate 
amount of alloxan. Some of the animals used 
in these experiments recovered from their 
diabetic state early in pregnancy and sub- 
sequently delivered normal litters at term. 
Fasting blood sugar levels vary considerably 
and in the animals used in this study they 
ranged from 186 to 425 mg 

Living litters were' delivered in none of 
these diabetic animals. Characteristically, the 
pregnancy progressed normally until the mid- 
point of the gestation when the fetus suc- 
cumbed, following which it was slowly 
absorbed so that it was absent at term. The 
placentas remained attached and were de- 
livered at term following a fairly normal 
parturition. 

These observations suggest that terminal 
di.abeles is not sufficient to interfere with 
the development of the fetuses and that the 
critical period for the fetus was midpregnancy. 


Is it the hyperglj’cemia that interferes with 
the estrous cycles and normal gestation in 
the rat? If the effect of insulin is simply the 
control of the hyperglycemia, this may be so. 
.-\ group of diabetic rats were adequately 
controlled by insulin following which the 
estrous cycles returned to normal, they con- 
ceived and delivered normal living litters at 
term. The weight of the individual fetus and 
the gross weight of the litter compared favor- 
ably with normal control animals in the 
colonjL It is possible that insulin does more 
than neutralize excessive blood sugar and dia- 
betes represents more than an altered carbo- 
hydrate metabolism. 

Summary and Conclusions. The effects of 
alloxan diabetes on ovarian activity and preg- 
nancy were studied in a series of 63 adult 
female rats. The development of permanent 
hyperglycemia resulted in an alteration of 
the normal estrous pattern, so that the in- 
tervals were greatly prolonged. Pregnanej* 
progressed normally until about the twelfth 
day following which the fetus died and was 
slowly absorbed. The placentas were retained 
and were delivered on the day of parturition. 
The adequate treatment of the alloxan dia- 
betes by insulin resulted in normal preg- 
nancies and live litters delivered at term. 
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Eifect of Dietary Variations upon the Toxicity of DDT to Rats or Mice,* 
H. E. Sauberiich and C. A. Baujiann. 

From Uw Department of Biochcmistrij, Cotlegc of Agriculture, University of TTisconsin, iladison. 


The effectiveness of toxic agents in animals 
frequently depends upon the composition of 
the basal diet fed. Thus a high protein diet 
has been found to protect the liver against 
such diverse toxic agents as arsphenamine/ 
p - dimethylaminoazobenzene,- chloroform,® 
and selenized wheat.^ Methionine is effective 
against several of these agents.® Another 
nutrient reported to modify toxicity is fat. 
When rats were fed trinitrotoluene (TNT) in 
diets high in protein or carbohydrates, little 
or no ill effects were observed, although defin- 
ite toxic effects resulted when a high fat diet 
was fed.® On the other hand, mice fed dinitro- 
toluene (DNT) grew better and lived longer 
on a high fat diet than when the basal diet 
was nearly devoid of faf.^ Vitamin C is re- 
ported to be of value in the prevention and 
treatment of to.xic effects of TNT in muni- 
tion workers® and to aid in the detoxification 
of aniline in rabbits and mice.® Chloronitro- 
benzene toxicity has been found to be aug- 

* Published wth the approval of the Director of 
the Wisconsin Agricultural Experiment Station. 
Supported in part by the Bcsearch Committee of 
the Graduate School from funds supplied by the 
Wisconsin Alumni Kesearch Foundation, and the 
Jonathan Bowman Cancer Fund. 

1 Messinger, W. J., and Hawkins, W. B., Am. J. 
MeA. Sci., 1940, 190, 216, 

- Gyorgy, P., Poling, E. C., and Goldblatt, H., 
Prog. Soc. Exp. Bion. and Med., 1941, 47, 41. 

3 Miller, L. Hi,, and Wipple, G. H., Am. J. Med. 
Sci., 1940, 199, 204. 

i Moxon, A. E., S. Dal:. Exp. Sta. Bull. No. 311, 
p. 50, 1937. 

5 Miller, L. L., and Wipple, G. H., J. Exp. Med., 
1942, 76, 421. 

c Himsivorth, H. P,, and Glynn, E, E., Clin. Sci. 
and Eeart, 1942, 4, 421. 

7 Clayton, C. C., and Baumann, C. A., Arch. 
Biochem., 1944, 5, 315. 

8 Holmes, H. N., Science, 1942, 96, 384. 

OBubanovskaya, A. A., Farmal'ol. i Talsa-ol., 

1945, S, No. 4, 43, Chem. Ahst., 1946, 40, C6SG. 


mented by fats and oils, as well as by al- 
cohol,^® and alcohol also increases the toxicity 
of dinitrotoluene.”’^® These observations and 
the widespread use of DDT (2,2 bisfp-chlor- 
ophenyl) 1,1,1 trichloroethane) as an insec- 
ticide raised the question whether the toxicity 
of this compound in higher animals might 
not also vary with the composition of the 
basal diet fed. 

Experimental. Methods. Most of the ex- 
periments were performed on young mice, but 
adult mice and both young and adult rats 
were also used in certain studies. The animals 
were kept in screened cages in groups of 3 
to 6 and they were fed the synthetic or semi- 
synthetic diets listed in Table I, or similar 
diets in which the percentage of fat or pro- 
tein was altered isocalorically at the expense 
of the carbohydrate. The animals were 
weighed periodically and the toxicity sjunp- 
toms noted. The DDT used in these experi- 
ments was prepared by the method of Darl- 
ing“ and rectystallized twice from ethyl al- 
cohol. 

Results. In preliminarj' studies, DDT was 
incorporated into the yeast diet I and fed to 
3'oung mice in graded concentrations ranging 
from 0.01% to 0.3%. At concentrations of 
0.05% and over, the mice rapidly developed 
to.xicity sjTOptoms and died within 2 weeks 
or less. At the lowest concentration, 0.01% 
they sur\dved for a 9-week period. -At the 
intermediate concentrations, 0.03% and 
0.04%, approximate!}'' one-half of the animals 
lived for 4 weeks, depending upon the con- 
centration of the insecticide and the size of 
the mice. Older mice resisted the effects of 
the toxic agent somewhat better than younger 
ones. The symptoms of toxicity were similar 

10 Von Oettingen, W. F., Pub. Health Bull. 273, 

U. S. Public Health Service, 1943. 

IJ Darling, S. F., J. Chem. Education, 1945, 
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TABLE I. 

Composition o£ the Diets Fed. 

Toast diet (I) 


Synthetic diet (II) 



g 


g 

Crude casein 

18 

Crude c.asein 

20 

Wesson’s saltsi-* 

4 

Wesson’s salts 

4 

Brewers yeast 

8 

Celluflour 


Com oil 

5 

Com oil 

5 

Dextrin 

70 

Dextrin 

GO 




mg per 100 g 




of diet 



Pvridoxine Iivdrocliloride 

O.o 



Thiamine chloride 

0.6 



Calcium pantothenate 

2.0 



Riboflavin 

0.6 



Xicotinic acid 

1.0 



Choline chloride 

100.0 



Inositol 

50.0 



;i-.\minohenzoic acid 

30.0 



Cystine 

100.0 


to those described by otbers’^"-'^^ and ivere 
characterized bj' hjTierexcitabiUty, followed 
by a jerking or retraction of the bead, which 
developed into a general tremor that increased 
in intensity until there was complete loss of 
control, convulsions, and death. Alopecia was 
common in certain series. The compound did 
not exert any appreciable effect on the rate 
of growth until the tremors became sufficiently 
severe to interfere with the ability of the 
mice to eat. In general, rats responded to 
DDT like mice, although higher concentra- 
tions of DDT were necessary before deaths 
resulted in a comparable pieriod of time; 
0.15% of DDT was about as effective in a 
rat as 0.04% in the mouse. 

The effect of DDT against either species 
depended upon the percentage of fat in the 
basal diet (Table II). Mice invariably de- 
veloped toxic symptoms and died sooner when 
fed a diet containing 5% or more of fat than 
when fed a diet containing only 0.5% of 
fat: this was observed in both young and 
older mice and in series in which the con- 
centration of DDT was 0.03% or 0.04% 
(Table II). Similar results were obtained 
with rats fed 0.15% of DDT (Table II). In 
other e.xperimcnts, scries of different fats 

le tVooilaril, G.. XcIpoh, A. A., and Calvcrr. 11. 
O.. .1. rharm. Exp. Thrr., 1944, 82, ISg. 

M. I., ntid StoWman. E. T., PiiMic 
Health Hep., 1944. of). PS4. 

Wt'f'nn. I,. G.. Science, 1932, 75, 339. 


were fed to mice at a 15% level in diets con- 
taining 0.03% or 0.04% of DDT. .All fats 
tested appeared to increase the sensitivity of 
mice to DDT at this level. Mice fed a com- 
pletely saturated fat, hydrogenated coconut 
oil, developed tremors and died at about the 
same time as those ingesting the moderately 
saturated fats, butter or lard, or the highly 
unsaturated fats, peanut oil or com oil. The 
effect of the fat was not modified by the ad- 
dition of 0.5% of cholesterol. 

.A reduction in the level of protein in the 
diet to 10% apparently decreased the resist- 
ance of the mice to DDT. This effect was 
noted whether the percentage of fat in the 
diet was high or low (Table II). When the 
level of protein in the diet was increased above 
20%. the results were variable although some 
protective action against DDT appeared in 
certain series. 

Discussion. The greater sensitivity of ani- 
mals to DDT fed in a high fat diet as com- 
pared to one low in fat seems to be primarily 
due to a greater efficiency of absorption of 
DDT on the high fat diets. DDT is readily 
soluble in fat and tends to concentrate in the 
fat depots of animals exposed to this insec- 
ticide, c.g., in rats/’ cows,*® and dogs,** 

i:i4Vooaard, G., nnil Ofner, R. R., Fcrl. Proc., 
194G, 5, 215, 

1C Wilson, II. F.. Allen. X. X., Boli?tC(3t, G.. 
Bcthcil. J.. .nnd I,.irdy. 11. A., .7. Eeon. Entomo'. 
3946, SO, SOI. 
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TABLE II. 

Effect of the Level of Fat and Protein in tlic Diet upon tlie Survival of Mice and Eats Fed DPT. 

Diet II. 


Casein, 

% 

Corn oil, 

% 


Number of animals 

alive at: 



0 wk 

1 wk 

2 wks 3 wks 4 wks 

5 wks 

A 

C wks 



0.03% DDT, 

YOUHC in:ce. 





20 

0.5 

4 

4 

4 

4 

4 

4 

4 

20 

5 

4 

4 

4 

4 

4 

3 

n 

20 

15 

4 

4 

3 

2 

O 

1 

0 



0.03% DDT, 

rouncf m:cc. 





20 

0.5 

5 

5 

5 

5 

3 

3 


20 

15 

5 

5 

5 

4 

2 

1 


10 

15 

5 

5 

4 

1 

1 

0 


50 

15 

5 

5 

4 

4 

4 

4 




0.04% DDT, 

young mice. 





20 

0.5 

10 

10 

7 

C 




20 

5 

4 

4 

1 

1 




20 

15 

10 

7 

3 

0 




10 

0.5 

6 

5 

1 

0 




10 

15 

G 

C 

1 

0 






0.04% DDT, 

adult mice. 





20 

0.5 

4 

4 

4 

4 

4 

4 

4 

20 

5 

4 

3 

3 

3 

3 



20 

15 

4 

4 

4' 

4 

4 

3 


20 

25 

4 

3 

3 

f> 

1 

1 

1 

10 

15 

4 

3 

0 

— 

— 

— 


50 

15 

4 

3 

3 

3 

3 

2 

- 



0.15% DDT, 

young r.lts. 





20 

0.5 

0 

6 

5 

5 

5 



20 

5 

6 


0 

— 

— 



20 

15 

0 

4 

1 

0 

. .. 





More DDT accumulated in the fat of dogs 
when the compound was fed in corn oil solu- 
tion than as a solid^' and the symptoms of 
toxicity due to injected DDT were also more 
severe, when an oil solution was used. 
Factors affecting the translocation of DDT 
within the body are probably more important 
in determining resistance to DDT than to 
other poisons. DDT does not appear to be 
rapidly detoxified in the body^* and its 
association with fat may be an important 
mechanism for its removal from the general 
circulation. However, at least one metabolic 
derivative of DDT (di(p-chlorophenyl) 
acetic acid) has been identified in the urine 
of rabbits, and fat may affect the speed uith 
which such metabolites are formed. Dietary 
fat seems to influence the toxicity of certain 


G. M., Science, 1945, 1D2, 17/. 

18 Philips, F. S., and Gilman, A., 
Exp. Thcrap; 194G, 8G, 213. 

10 White, W. C., and Sweeney, 
ITcaith Eep; 1945, CO, GG. 


J. Fharm. and 
T. R.. Public 


nitro compounds.'’’' 

The mouse appears to be more sensitive 
to DDT than the rat, for on comparable 
diets tremors produced in mice fed 0.03% 
to 0.04% of DDT were similar to those in 
rats fed 0.10% to 0.15% of DDT. In other 
words the rat can tolerate 3 times the con- 
centration tolerated by the mouse. However, 
the mouse consumes .roughly 2 to 3 times as 
much food per unit of body weight as the rat 
and, hence, the amounts of ingested DDT 
per gram of body substance required for the 
production of tremors were quite similar in 
the two species. Indeed, it has been reported 
that tlie rat is somewhat more susceptible 
than the mouse to injected DDT or to large 
single oral doses.’- Nevertheless, the present 
data indicate that the mouse has definite ad- 
vantages as an animal for the bio-assay of 
foodstuffs e.xposed to the insecticide. 

Siniimary. Mice fed 0.03% to 0.04% of 
DDT in a' medium fat diet (5%) develop^ 
toxic symptoms and died; 0.10% to 0.15% 
of DDT in the same diet was necessary to 
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produce a similar toxicity in the rat. 

A reduction in the level of dietary fat to 
0.5% decreased the toxicity of DDT in both 
species; when the diet contained 15% of fat, 
the symptoms of toxicity w'ere aggravated. 
Several different types of fat were essentially 


equal in aggravating the to.xidty. 

On a low protein diet (10%) the to.xicity 
of DDT Avas increased somewhat; whereas 
on a high protein diet (30%) the effects were 
variable. 
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Endocrine Interrelationship and Spontaneous Tumors of the Adrenal 

Cortex in NH Mice.* 

Marthella Frantz, Arthur Kirschbaum, and Carmen Casas. 

From the Departments of Anatomy and Physiology, University of Minnesota ^[ed^cal School, 

Minneapolis, Minn. 


Adenomas of the adrenal cortex appear in 
several inbred slocks of mice following gona- 
dectomy.’'”* In certain stocks, however, the 
phenomenon does not occur following removal 
of the primary sex glands.®-^ In only one 
straitr have similar adetromas been observed 
to appear spontaneously in non-castrate 
animals.® This is the NH stockt (Minnesota 
subline); tumors occur primarily in females. 
In these mice adenomas of the same type 
which develop spontaneously can be induced 
to appear precociously by gonadectomy.® The 
purposes of the current studies on this stock 
are to determine first, whether “physiologic 
castration” is responsible for the induction of 
spontaneous adenomas of NH females (spon- 

• This iuvcstiR.ition has bQcn uiilcd by grants 
from the .Taiie Coffin Cliihls Memorial Puiul for 
Modical Research, the National Cancer Institute, 
.and the Cancer Fund of the Graduate Schoul of 
the University of Minnesota. 

t This stock was obtained in the Sth inbred gen- 
eration from Dr. L. C. Strong of the Yale Univer- 
sity School of Medicine. 

1 Woolley, G.. Fekcte, K,, and Little, C. C., Undo- 
rrinnln/iy, 1041, 28, ,141. 

-Gardner, \V. U., Cancer Itcscarch, 1041, i, 032. 

^ Smith, F. W., Science, 1043, 101, 270. 

■t Woolley, G., Fekcte, K., and Little, C. C., Fitoo. 
Soc. Exr. Bioi.. .\sn Mr.n., 1040, -l.T, 700. 

•'Kirschbaum, A.. Frantz, Af. F.. and William-. 
W. L., Cancer Prscarch, 1040, <1, 707. 

0 Kirschbaum, A,, and Frantz. M, F.. unnrtb 
lished data. 


taneous cortical tumors are very rare in males) 
and, second, to investigate the effect of 
gonadotrophic hormone on the secretion and 
development of these tumors. 

The vaginal smear which is exhibited by 
mice with cortical adenomas is tj^pical. The 
vaginal secretion is copious, relatively watery', 
and has a high cellular content. The cells are 
of two general classes — epithelial cells and 
leukocytes — these are approximately equally 
distributed. The epithelial cells may be classi- 
fied as cornified and non-cornified. The ratio 
of cornified to non-cornified cells in the un- 
treated tumor-bearing animal is 25 to 75. 

The estrous cycle was studied in 6 inbred 
stocks of mice (CB.-^, dba, Balb, Strong A, 
F., NH). In general, it was found that the 
estrous cycle lengthened as the animals be- 
came infertile. This was observed to occur 
earlier in the NH slock than in any of the 
others except the F mice. Females of all 
stocks except the NH and F were cycling 
beyond one year of age. The F females (10 
mice) exhibited a castrate smear by one 
year of age but did not develop cortical aden- 
omas. If castrated early in life these mice 
showed only a minimum tendency towards 
adenoma development, suggesting that the 
end organ is not sensitive to the stimulus 
towards tumor formation. (CB.-\. dba. and 
Balb mice exhibit cortical adenomas within 
3-5 months after gonadeclomy) . In most 
cases the NH females (43 mice) did not 
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develop castrate smears, but developed the 
smear characteristic of mice bearing cortical 
tumors within a few cycles after lengthening 
of the cycle (within 30-50 days after the 
last litter the vaginal smear picture typical 
of cortical adenoma appeared). 

Histologic study of the ovary revealed that 
at one year of age Graafian follicles were 
present in the ovaries of all stocks except the 
NH. (The reason for lack of cycles in the F 
strain is not clear). The evidence suggests 
that physiologic castration may be a factor 
in the development of adenomas in the NH 
females. It is of interest that the smear 
typical of tumor formation appeared before 
there was histologic evidence for a well devel- 
oped tumor. Sections of the vagina showed 
extreme cornification. It is probable that the 
histologically unaltered NH adrenal may 
secrete estrogen in quantity sufficient to 
stimulate the female reproductive tract. 

When only the ovaries were removed from 
6 tumor-bearing mice, the vaginal smear 
picture was unaltered. When the adrenals 
alone were removed^ (ovaries remaining) then 
the vaginal smear became of castrate type 
within 5 days (7 cases). This constitutes 
proof that the adrenal tumors were the pri- 
mary source of estrogen. 

t Animals iiiaintaiiied ou aqueous cortical ex- 
tract — trpjolm. 


The effect of gonadotrophic hormone was 
studied on the same mice (adrenalectomized 
or ovariectomized). One hundred and ten 
international units (5 units daily for 22 suc- 
cessive days) of pregnant mare serum^ elic- 
ited no change in the castrate smear of the 
adrenalectomized NH females, indicating the 
refractoriness of the ovaries to gonadotrophic 
hormone (the ovaries of older mice of other 
stocks ivere readily stimulated). The same 
amount of this hormone, when given to 3 
ovariectomized mice (with adrenal tumors) 
induced a change in the vmginal smear picture: 
(1) the quantity of secretion tvas increased, 
and (2) the ratio of cornified to non- 
cornified cells was altered from 25:75 to at 
least 50:50. The number of leukocytes re- 
mained the same. It would appear that gonad- 
otrophic hormone can influence sex-hormone 
secretion of an adenoma of the adrenal 
cortex. 

Summary. The occurrence of spontaneous 
estrogen-secreting tumors of the adrenal cor- 
tex can be correlated with early cessation of 
ovarian activity in the NH stock. Estrogen 
is probably secreted by the adrenal cortex 
even preceding adenoma formation. Gonado- 
trophic hormone enhanced estrogenic secre- 
tory activity of cortical adenomas. 

f Goii.-idogeii — Upjaim. ' 
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Early Effect of X-rays on Ovaries of Normal and Adrenalectomized Rats.'*' 


M. IcKowicz. (Introduced bj’’ L. Halberstaedter.) 

From the Department of Fadiahiology, Ecirew Univcrsit;/, and the Sndassah University 

Sospital, Jerusalem 


In a previous paper^ we described the 
changes occurring in the rat ovary durmg 
the first few hours after irradiation wdth 

X-rays. 

* Aided hy a grant from tlie British Empire 
Cancer Campaign. 

1 Halberstaedter, H, and Ickornez, M., Ead.ol- 
ogy, 1947, 48, 3G9. 


These alterations are characterized by the 
presence of numerous pycnotic nuclei of the 
follicular cells of the granular layer of the 
follicle. 

We are able to distinguish between pyc- 
notic nuclei induced by irradiation and those 
normally found in certain ovarian follicles, by 
showing that pycnotic nuclei of granular cells 
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pycnotic nuclei. 
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in the ovaries of non-irradiated rats occur 
on y in follicles in an advanced stage of 
development, and whose ovules are already 
dividing, whereas after X-irradiation numer- 
ous pycnotic nuclei are also found in ven^ 
young follicles and in those whose ovules are 

ovpr^^ studying the earliest 

ovarian lesions induced by irradiation it is 
therefore necessary to ex-amine the entire 
organ microscopically by means of complete 

determine the 

condition of the ovule. 

In addition, we have obserx-ed that durin-^ 

lesion^ 1- ovarian 

Srih-? to follicular 

cells, vhile no lesions are to be seen in the 
other elements of the ovary. 

The object of the present studv was to 
determine the effect of adrenalectomV on pvc- 
nos|s of the follicular cells of the rat oSn^ 
during the first few hours after X-rav ir 
radiation. - 

Methods and Technique. Our experiments 

fwe- rats 

(^^elghlng approximatelv 150 e) fall intn mT 

following 3 categories: ' 


C. Adrenalectomized and irradiated rats 

were'CdS ^ 

with 2000 r 24 hours later 
4 hours afior irraStar' 

Irradiation was delivered bv a \U m , 
intensity 100 r/minute Then 

in Bouia-a /laid' cZ^e" 2 22,"' 
prepared and stained^ with iront 
and eosin, according fn iv, ^ ^ematoxj-lin 
//WogiW 

microscopic description is basM 
composite data for each f " 

special emphasis on nvrnn?- ^ 
follicular cells and their of the 

state of tlie o.mTe relationship to the 

■Adrenalectomized rats F,aii- , 

ru/J. Follicles at differ- 
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rio. 2. 

Rat irradiatod ivitli 2,000 r. young’ follicle with pyeiintic niiclci. X 450. 



J’lO. 3. 

Bat adrenaloctomizca .and irradiated with 2,000 r. Vouiig follicle icithout 
j)ycnotio nuclei. X 450. 
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ent developmental stages -n-ere found: Graaf- 
ian follicles, as well as stratified and young 
ones. The Graafian follicles of varjdng stages 
may be divided into 2 groups: a) Those with 
pycnotic nuclei in the granular layer, and ivith 
a dividing ovule -(Fig. 1) ; and b) those with- 
out pycnotic nuclei or with very few in the 
granular layer and with a resting ovule. 

We have, however, come across one ovarj’^ 
with Graafian follicles containing resting 
ovules, but with a considerable number of 
pycnotic nuclei in the granular layer. Such 
follicles are very unusual. The presence of 
pycnotic nuclei in the granular layer of young 
follicles (from primary^ to stratified follicles) 
is likewise e.vceptional. On the contrary, mi- 
toses are frequently seen in the granular 
layer of young follicles. 

Furthermore, no changes associated with 
adrenalectomy' have been obser\'ed in the 
other ovarian elements, such as the atresic 
follicles, corpora lutea, blood vessels or the 
general stroma. Thus, the ovaries of adren- 
alectomized rats 24 hours after the operation 
do not differ significantly from normal rat 
ovaries. 

B. Irradiated rats. Microscopic e.\amina- 
tion 4 hours after X-ray irradiation revealed 
extensive py'cnotic lesions of the follicular 
cells in all advanced as well as in young 
follicles (Fig. 2). The number of atresic 
follicles seems to have increased. However, 
very rarely, some Graafian follicles appear 
to be resistant to X-rays: but these are ex- 
ceptional cases and do not alter the general 
picture of the massive pycnotic lesion ob- 
served in the ovaries 4 hours after irradiation 
with an adequate dose. 

C. Adrawlcctomizcd and irradiated rats. 
Microscopically no pycnotic nuclei were seen 
in cells of the granular layer in young follicles 
(Fig. 3) and in the majority of Graafian fol- 
licles containing resting nuclei. As in the 
ovaries of normal rats, numerous pycnotic 
nuclei were seen in follicles with dividing 
ovules. However, we have also obseri-ed pyc- 
notic nuclei in certain follicles containing 
resting ovules in the ovaries of one rat. But 
these lesions were, nevertheless, infinitely less 


pronounced than those observed in irradiated 
rats without previous adrenalectomy'. No 
changes were seen in the other ovarian ele- 
ments. 

Discussiou. Our experiments demonstrate 
that adrenalectomy' inhibits the appearance 
of pycnotic lesions in the rat ovary 4 hours 
after X-ray' irradiation. These observations 
are analogous to those obtained with lymph- 
atic tissues and described by' Leblond and 
Segal- and by' Halberstaedter and Ickowicz.® 

The small cells in the granular layer of the 
ovary appear to react as do lymphocy'tes. We 
are as y'et unable to tell just how far this 
analogy may be drawn, since our experiments 
deal only with py'cnotic lesions due to X-ray- 
irradiation. Actually', observations on ly'mph- 
ocy'tes have shown that these cells are ex- 
tremely sensitive not only- to X-ray'S but also 
to a number of harmful agents, both chemical 
and physical and even to so simple a trauma 
of the animal organism as an incision of the 
skin."’ In any case our ex-periments clearly 
demonstrate that under certain conditions, 
such as X-ray irradiation for example, the 
adrenal glands influence the py'cnotic reaction 
of the cells of the granular layer of the ovary. 

An important point brought to light by our 
experiments is the fact that adrenalectomy in- 
hibits pycnosis of the granular cells of the 
ovary even after direct irradiation of the 
organ. This constitutes a special phenomenon, 
since in the case of h'mphocytes adrenalec- 
tomy seems to influence the ensuing pycnosis 
caused only by the indirect effect of the ir- 
radiation.--'^ So far we have not yet elucidated 
the question of the influence of adrenalectomy 
on the indirect effect of irradiation on the 
ovary. 

Summary. The pycnotic lesions of the cells 
in the granular layer of the ovarian follicles 
of rats 4 hours after X-ray irradiation are in- 
hibited by previous adrenalectomy-. 

2 Leblond, C. P., and Segal, G., J. HocvtiirnoJ. 
and Had., 1942, 47, .302. 

3 ITallwrstaedtcr. L., and Icbowicz, JI., Hadx- 
oloffia Clinica, 1947, Ifi, 240. 

••.Scire, n., J. Clin. Hndocrin., 1940, C, 117. 

sickomcz, JL, Itadiolopia Clinica, 1947, 1C, 233. 
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Aluminum Penicillin in Mouse Protection Tests. 

Roger D. Reid. 

From, the Biological Sesearch LaV oratories, Synson, Westcott and Banning, Inc., Baltimore, Md. 


In searching for a preparation of slowly 
absorbed penicillin that would give satis- 
factory results^ the amorphous aluminum salt 
of penicillin was prepared in our laboratories. 
As expected, this penicillin was found to be 
highly insoluble in water. It was therefore 
thought that if it could be suspended in a 
suitable non-aqueous medium a single daily 
parenteral injection would give prolonged 
therapeutic activity. Peanut oil was selected 
as the vehicle for suspension. 

It is the purpose of this report to show the 
protective effect of aluminum penicillin in 
peanut oil on mice infected with Diplococcus 
pneumoniae. Clinical reports to be published 
elsewhere will describe blood level determina- 
tions and therapeutic efficacy of aluminum 
penicillin in human subjects. However, when 
300,000 units of aluminum penicillin in pea- 
nut oil is given intramuscularly to human sub- 
jects, blood levels of 0.03 units per ml of 
serum were found to persist from 12 to 24 
hours. The concentration of penicillin in body 
fluid of treated mice has not been determined. 

Procedure. 18 to 22 g mice were infected 
intraperitoneally with 0.5 ml of a 10"® dilu- 
tion of an 18-hour broth culture of Diplo- 
coccus pneumoniae Type I {SVi strain) con- 
taining 1000 MLD. Two hours later treat- 
ment was begun as indicated in Table I by 
injecting 0.1 ml of the suspension of penicillin 
in peanut oil intramuscularly. The suspen- 
sions were made by diluting penicillin in oil 
and mi.xing in a Waring blendor to the proper 
unitage. All dilutions were assayed before use. 
Treatment was repeated daily for 4 days and 
mice were held until the eighth day when the 
results were finally determined. 


fected controls died within 36 hours. The re- 
sults are shown in Table I. 

From the above data it is determined that 
the PDso for each of the compounds tested 
is; 

(1) Aluminum penicillin in peanut oil 34 units 

(2) Sodium penicillin in oil and was 40 units 

(3) Calcium penicillin in oil 95 units 

This suggests that under the conditions 
described, aluminum penicillin is superior 
in protective ability to either of the other 
compounds tested. This may be considered 
surprising in view of the reference to human 
blood levels in which aluminum penicillin 
does not appear to remain in the blood stream 
as long as peanut oil and beeswax prepara- 
tions. Further studies are in progress to ex- 
plain this seeming inconsistency, however, 
it seems appropriate at this time to propose 
an e.xplanation. Aluminum penicillin being 
very insoluble in water must, for purposes of 
assay or utilization by the animal body, be 
converted into a soluble salt, e.g. sodium 
penicillin. This process takes place in vivo 
slowly and at a rate proportional to the 
amount of aluminum penicillin present in 
tissues. For this reason blood serum levels 
run a curve having a peak about one hour 
after injection, slowly diminishing in several 
hours to a level below an amount that can 
be measured by present methods for deter- 
mining its concentration. This lower con- 
centration, tliough at present not considered 
therapeutic, may be adequate to hold the 
invading organisms in check until Uie body 
defenses can overcome the infection. 

To further study the prolonged action of 
aluminum penicillin in oil against pneumo- 
coccal infections in mice, infected animals 
were treated with a single intramuscular in- 


Under the conditions of these e-xperiments, 
the effectiveness of aluminum penicillin was 
compared with calcium penicillin in peanut 
oil and sodium crystalline penicillin in peanut 
oil and beeswax (4.8 W/\0- Untreated, in- 


jection. Results of these protection tests are 
given in Table II. 

Conclusion. Aluminum penicillin in oil ef- 
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TABLE I. 


Protection with Mnltiple Doses of Penicillin. 



Units of penicillin 







f 

Total 


Survivors 



Preparation 

Daily 

4 days 

No. of mice 8 days 

% protection 

Alumintini penicillin in oil 

200 

800 


80 

80 


100 

150 

600 


50 

50 


100 


100 

400 


90 

89 


99.0 


75 

300 


90 

88 


98.0 


50 

200 


90 

73 


81.0 


25 

100 


90 

30 


33.2 

Sodium crystalline penicillin in oil 

200 

800 


50 

48 


96.0 

and beeswax (4.8 W/V) 

100 

AOO 


50 

48 


96.0 

75 

300 


50 

46 


92.0 


50 

200 


50 

34 


08.0 


25 

100 


50 

11 


22.0 

Calcium penicillin in oil 

200 

800 


50 

37 


74.0 

150 

600 


50 

32 


04.0 


100 

400 


50 

26 


52.0 


75 

300 


50 

21 


42.0 


oO 

200 


50 

2 


4.0 


25 

100 


30 

0 


0.0 

Controls 

No treatment 


60 

0 


0.0 


TABLE n. 






Protection with a 

Single Dose of Aluminum Penicillin in 

Oil. 




Units of 


Survivors 



Preparation 

penicillin No. 

of mice 8 days % protection 

Aluminum penicillin in oil 

400 

50 

50 


100 




200 

50 

50 


100 




150 

50 

40 


92 




100 

50 

47 


94 




75 

50 

45 


90 


Control 


None 

30 

All dead 30 lirs 



fectivelj’- combats induced pneumococcus in- and beeswax preparation, the aluminum pen- 
fection in mice. Compared with calcium pen- idllin in oil is more effective on a unit for 
icillin in oil or sodium penicillin in peanut oil unit basis. 
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